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aninn man - 1 png 


Kiao 1.1 


onmn ba oixy iii»>a o»Kin uniK ua»ao o>banon iimK nnKa 
13K ,nann ,p»oobg , \y .obiya o>n»»pn o»na-m ba o>aa*nn onna 

.o*nnK n*nain nam myi 
bn bm Kb naoaa o»aa*iia o’am o»nninn baa Kin K>bonn naan 

.nmo> 

o»bmb nyi -im»a o»iopn o’*iatn in .ban m o>a»aan nbK nmo» 

.ntn pnon bo Kann am ,mva 

oiv>»tn naan 1.2 


,naim ,ant ,bna ina obiab o»naia npbn .nmo’ 92 o»»ixn yaoa 
mayaa >niaKbn iaiKa ,bba O'yir oi»ki oyna opbm ixnn , ia»a 

.nmo> 10 -a my nsia 
by i»»-ry mian -rio>n ba mi>a i©pn pbnn ni»nb -min oiok 

.-no>n nuian 

mn> pbn ba .o>iop o’pbnb miK o>anini ,ant mi baab o»npib 
by lain i”aya ant ba mva iopn pbnn ?’na *ry .ant i”-ry 

.ant ba diok Kipi ant ba nuiann 
.O’niOK ba o>aia o»aio 92 vn> o’Jia nmo’ 92 yaoa a>a iivan 
!nnt naan Kin o’aiOKn ba ba manna K»n nKbainn maiyn 
,n»on> bm , vv*»» aanin , mo’ nt»K ba man Kbi ,oiok ba 

ia»ao o’aainoan o’jop o’p’pbnni 
o>Jopn o»p’pbnn .(1.1 ->vs) 
.o’JiaopbK o’Knpa nbKn 
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pvnri maaa xm anx aio» bo oioxb anx aio’ bo oiox i>a baann 
. axa mop i mopbxn non .ia»ao o>mman o>a mopbxn aaoaai 

m e = 9.1-JO -31 kg 

bo 1’vaAn) mi'i bpn non .im> ram nbiaA i»yaAn non 

.1 mopbxn nonn o»»abx »a inya nbiaA (H mxa inionn in»nn oiox 

m H =* 1.67-lO' 27 kg 

. imopbxn nonn 600,000 *a iaya nbiaA anva naan i>m«i noni 
aao mixa ovaa obiab box *iob anx aio»n mnon oioxn bo ibaiA 

. bai a 

0.53-10 -10 m :xm (in»nn oiox) anva iopn oioxn ovaa 

2.67-10 -10 m :xm inva bnin oioxn ovaa 

ir aaix na»n>b um 10 -10 m bo baiA aaoa on omioxn bao iivaa 

o 

naoa nix »nir) A mxa mmoni oaooAiix nxapi xmi nbon oo 
(’aao iyan bo mo xm DaooAJix .n’bAJxa 0 mxb nb’apan n»aaon 
1A = lO' 10 m 

Tan nopannn mponn .n>bivn nyuna 1’yaAb a»aon aainon imopbxn 
ay uaa»no a»n»n nan .mbAynn nyianb oaiAn na nvnb a»»no x»n 

.na»aan na xm np’iann nx ii»aia»ba ,na 

Gn>i m 2 
F = R 2 

. ’bnon na - anx na xm I’yain vai imopbxn va byian nan 
.xan paaa anbA *baonn nan bo nioaiann nmann nx 
:ni’ 0 ’oan vnuiann pbn a»aa y>aa 
na o»n»yb xm »bnonn nan ,aaba na»on na xmo na’aan nab aiAma 
.nan nx o»o»Aann o’aiAa mbn .nma na o’mybi na»on 
nx o’Aan ii»xo <iia :»bnonn nan nx o’O’Aaa yaoa o’aiAn ba xb 

.’bao* a xapj ’bnonn nan 
nx nr o>nn anx Aion O’aiAn ba ,o»aio >iob o’pbm o’aiAn axo 
un’jo niaon .nr nx nr o»aoin o»jio o’Aion o’dia ib’xi nr 

.o>’b’bo o’piai o»’avn o’aiA on o>aiAb 
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*ai»nD KiapD in»A n*n rrr>a rmiKao n*nnn« x»n niaon nA»m) 

.(la’nDi »D»Do 


© 

@ —► 

.nr nK nr a»ma n”ai»n 

D’aiA 

’AO 

e 

© —► 

.nr jik nr a»ma o”D»Do 

o’aiA 

’AO 

© —► 


.nrD nr ooooa »d»do <iiai 

»ai»n 

«11A 


(1.2 *ips) 

IDDi nrD nr ooum py*um piopDKn hd ay lADD’no o»9iAn »ao 
.’ai’n Kin i»y*um ’D’Do Kin paopDKn idki .niAio ninaoaa on 
no DDAa nrD nr a’aiA iaon» prn hod K*n nonn niyaoao mo 
DDAa o»aiA irrr» ik iooa’ prn naD miyaono Dai a o>*p ,rrr»:on 

.’Daonn non 

’Daonn ran - mi' DiaA ’Dnorm iyoano Ddd .’Daonn iyoan inr 
paaa aaDA ’Daonn iyoan aaaA inn ma»n»n Dy) .mv DiaA n»n» 
ivoai »avn ’Dnon )yoa :o’Aa’o >Aoa y»Dia ’Daonn iyoan (Kan 

.’D’Do *Daon 


v*i a t * 


Do o»aio »Aoa aania pyaAn .»ai*n iia Kin , uaaKo ’aao , pyaAn 
Do o»Aio ’Ao oniKa o’aDaia o’aioKn Dd Do o’A’yaAn Dd .o’p'pDn 

.o’D’Dnan aaoaa pa nra nr o’Dtdai o»p»pDn 
.pao’iAi i ioiid :on o’p’pDnn 
noa . pyaAD »avnn »aiKn jtk imin Kim »ai’n p’pDn Kin poiaan 
m p * 1.67 10- 27 kg :ii*iopDKn noaa 2000 ’D iaya nDi*TA )ionan 
lionan noaD nno oyao pao’iAn noa .’Dao’A p’pDn Kin ino»un 
nip = 1.67-10 -27 kg : ID nno K’n o’aona iaoak lao pvaai 

.nrD nr mop ia>k o’ioa pyaAa o’Aiao’iAn aaoai o»a ionan aaoa 
ini’ O’ aiaDi o»Ano»iAa o’Jiona anp o» onao o'oiok o» 

.o’Aionaa o’Aiao’iA 

»ai»n pyaAa aaamn oiok Do idD K’n i»ooy ay lAa’so nAiann 
o»’ai’n o»Aion9a aana may pyaAn .o”D’Do o’AiaopDKi 

.(1.3 11’A) 0”DDO’A O’AiaO’IAI 
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(1.5 A 1V3) ' (1.5 B TVS) 


ok iDbi yion »-ioAabKn ivoan Kin o’inopbKni o’Aionan bw ivonn 
m*n* mvsaKa rwr Konb bon o’-inK o»aiA bo ivoa Koab nmj 
.inopbKm iionan iyoa K*nw ( e.c.u.; .K.n.*) »“ioAabKn iy*>an 
.C niK3 rumom jibip rvopA ’boon ivoa ttoa nao nn»n»n 

:l»n* o»»o»oan o»p»pbnn »ivoa 


: iabl 

~Tio>n Aio 1.5 

nbaoa .o’Jionan naoa >a by p*ii *tk yapj oiw<n *r»’t> -no’ nt’Kb 
O’Jiona naoa bob y»aia ("n’-mnan nbaon" jikipa) nvno’n bo bw 

:b»ab -no’n aio 
•no*n aio o’Aionan 'oa 

ia»a 1 

k 

oi>bn 2 

oi’Ji’b 3 

(.pnan «poa ny»aia mba nbao) 


q e = -1.6-lO" 1 9 C 
q p = 1.6 ID' 19 C 

<ln = 0 

1 e.£.U. = q p 
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nxr .o’ano’ian naoab Kbi omnopbKn naonb Kb not it nbaoa i»k 
ib o» ok men Kb *h D'nona naino i»y*na o> ixnnb oko main 
o*aioKn bo .o'lno'i) nytm ik , mino ik , o»ji*io»ii nyao oa 

. i*an bo o’oiok i»n» nbnn 
’biokh *iaonn Knpa *no»n aio tk vaipn aaonn - omonan *iaon 

.{z niKa iaioa) 

lionabo iivan .oioko bo noan by o»*ia*Tnoa »niynon inoMin 
*iaon >"y yap*n oioko non .mot oonopbKbi nm non iinombi 

.o'ino>am omonan 
K*ipi *no»n noa iw yaipn *iaonn - D’jno'nm omonan *iaon 

.(A mna iaioa) >niOK bpoa 
noaa *aioKn bpoan ok b»aaa o*nib»pa oioko non nK nvtb rena ok 
nnoanbKn nonn m»n»a iionan non dk -i**TAa iabi , iionan 
.e.m.u. -a oiokh non Kin *niOKn bponn .(e.m.u. ; .K.n.*) 
1 e.m.u. = nip 

.-2 iavuoi 18 >nio*tn naon ,32 Kin *rio> bo »moKn ibpon :tovvt 

? kg -a ibpon inn ,tio»n asm inn 

*iaoa ♦ omonan *iaooo lab *w»k no>n bo *nioKn ibpon : i nna 

.32 -> mao o*ano»ian 

A * N p * N n ■ 32 

18 -b nno o'lionan *iaono lab *hjik *moKn aaonn 
Z = N p = 18 :iabi ' 

N n = 14 :iKani 

. ivonn >a by Kxna omaopbKn naon nK 
ioko *ini» omaopbK *iv v*v iniK nn -2 Kin ivonn 

: iabi on ioi*ia 
N. = N p ♦ 2 « 20 



(1.6 H’s) 




7 


, iiomon nooo boom »oioKn bpwob nnw omib»p3 oioKn non 
m = Z-nip = 32-1.67-10- 27 = 5.34- 1CT 26 kg 

:n*n* o*imopbK *io bo qmy ib «»w }ii»oo .oioKn iyoo 
q = -21.610- 19 = -3.2 10- 19 C 


-fia’n i ~>o»o 1.6 


. WiK nbooon imnix nmop o* mo* bob 
.'131 Fe bm ;0 i*on ;H io»o 
*moKn ibpon no (Z) >jj;OKn inooo jtk mo*n n* by ioob nxoi ok 

:*p iwt noyi (A) 

A 

(. inobo mo* iooo X) 
.o»iioopbKn noon by *nobo n’sooioi’K mn lio’oo i»k 



0*0 IP 1 r>K 1.7 


mo*n miKb o»3»*o on »nioKn nooon ijiik o’oiok *iob o* ooko 
15 X 30 i 5 X 31 :o»moKn »io . *oioKn obpoob nop *b3 

onbo o*noo*iin nsoo b3K (on»iob qmoo A) *no*n ijiik bo on 
.noinn ijiik bo o»iio o*3ioit*K on ibK .mio 
. 0 * 1100*11 bo mio nsoo ib o* b3K *Tio»b T»»on oiok - oioit’K 
o»iioin3 bo mio nsoo mo oioKn ,o»iopn o»oiok 3 np»y3 ,o*ji*yb 
ik njii* bini nsoo oy nbK ,3Koni b’inn oioko Knpi o»Jino>iJi 
.ibo o*sioif»K o*K3pi o*3ino>ii bo oni* iop 
8 ib *3 8 o 16 Kin b»mn oioKn , 0*110133 8 o» ibo (0) ixono boob 

.0*1130*11 8 -1 0*110133 
. ixon bo o*3ioir»K iK3p* g 0 17 -1 8 0 15 o*oioKn 
*on Kin *3) b»mn mo»b 3oni 1100*11 non Kino 1 H 1 Kpno 10*03 
bo o*sioir*K o’Knpi (oi*o*no) ,H 3 -1 (imo’in) ^H 2 -1 (n*30 

. io*o 

o’liomon noooo bm o»ii3o*nn nooo onoo njii* 0*333 mnio*3 
boob .o’oioit»K o»K3pi mo*n ijiik bo o*iion o*oioKn bo 
1 *k .oi’iniK bo o*3ioir*K *io on 92 u 258 -1 g2 U 255 :ni*iniK3 

.b’13 OIOK 
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pnan ot^o 

.nmo» b® iop aaoaa o»xnia yaoa n’painn bp .1 

.oion hnpj iio»n muon by nai®n -no»n bw mva iopn pbnn .2 

. li’ioa o»»b*b® o’jnopbxi »avn aa*na mono .3 

.o»»bno»J o‘Jno»ui o’»avn ta’iionaa npT>a py-un .4 
.Tio»n aio hk yaip o’Jionan naoa .5 
o'monin paoaa ita it mb-tun o»ioa 7io» bw nuiw nriix .6 

.Tio»n bw a»aioit»K m»opj 

m p = ny, = 1.67-Ifl- 27 kg m e = 9.1-iO" 31 kg .7 

q n = 0 q P = -q e = 1.6-io -19 c 

:inopbNn )yon x>n (e.c.u. ; .x.a.») »-it)jabKn iy®an jn»r>» .8 
1 e.c.u. = 1.6-10~ 19 C 

: lionan noa x*n (e.m.u. ; .N.a.>) n’npjabxn noan jrr>n» .9 

1 e.m.u. = 1.67-IQ -27 kg 

.oioxa o’Jionan 730 a - (z) »ai®Kn paoan .10 

.01020 o'ino’pni o>Jioi*ian paoa - (a) ’aioxn bpwan .11 



n » -ntna n>av> 


omonon 'oa 

ia»o 

-no»n oo 

31 

Ga 

Ol’bA 

32 

Ge 

ovabta 

33 

As 

1o*w 

34 

Se 

01»li>0 

35 

Br 

om 

36 

Kr 

1109 »np 

37 

Rb 

oi’j'an 

38 

Sr 

ovxi noo 

39 

Y 

OVTO’K 

40 

Zr 

OVJIpVS 

41 

Nb 

Ol»aiN’A 

42 

Mo 

1 *n»bia 

43 

Tc 

OI’O’ADO 

44 

Ru 

oi» inn 

45 

Rh 

ov*m 

46 

Pd 

01»*Tb9 

47 

Ag 

903 

48 

Cd 

01*B*rp 

49 

In 

OVTJ’X 

50 

Sn 


51 

Sb 

IIB’oan 

52 

Te 

nbo 

53 

I 

*n» 

54 

Xe 

inop 

55 

Cs 

Ol’OS 

56 

Ba 

oi>-u 

57 

La 

imb 

58 

Ce 

omx 

59 

Pr 

01»B»-T1N>039 

60 

Nd 

ova»*n»o 


omonan 'oa ha*o *no»n ow 


ia>a 

ovbn 

oi»n»b 

own 

113 
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(lean) t-> > -»a rna ni>a\j 




*no»n op 


n’lionan 'on 

in*o 

*no*n ow 

91 


oi»J , opo , na 


61 

Pm 

ovnana 

92 


Di’niK 


62 

Sm 

o vino 

93 

Np 

ovjioao 


63 

Eu 

ovjm 

94 

Pu 

ovjioiba 


64 

Gd 

oi'J'bm 

95 

Am 

oi»p’*inx 


65 

Tb 

oi»a*io 

96 

Cm 

OV*Vt3 


66 

Dy 

oi*onao*t 

97 

Bk 

ovbpia 


67 

Ho 

nvamn 

98 

Cf 

o'l’nia’bp 


68 

Er 

D1»3“)N 

99 

Es 

O1’J’O01»»N 


69 

Tm 

ovbm 

100 

Fm 

ovma 


70 

Yb 

nvno’x 

101 

Nd 

ovaVTin 


71 

Lu 

oi’soib 

102 

No 

ni’ian 


72 

Hf 

ovjan 

303 

Lw 



73 

Ta 

oi>ojvj 





74 

W 

mabn 





75 

Re 

OV JT 





76 

Os 

ovnoix 





77 

Ir 

01*7* VM 





78 

pt 

m’o^a 





79 

Au 

anr 





80 

Hg 

TI’aOD 





81 

T1 

oi’bn 





82 

Pb 

maiy 





83 

Bi 

oino’a 





84 

Po 

oi ’3 ii>ia 





85 

At 

1’UOON 





86 

Rn 

1 iti 





87 

Fr 

oi’xjaa 





88 

Ra 

Ol’Tl 





89 

Ac 

OVJ’OpK 





90 

Th 

oi’Tin 
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m»K« 

ok *no»n "m o'jno'un naoa n»n» na 76 »m\JKn naonw -rio»n inn .1 

?12 »nio«n ibpwn 

lyro o>Jionan *iaon inni o'moMin -iaon inn 7 x 15 -no>n 11m .2 

?oi*>Ka o*mopbKn naon inn . 17 cl 35 oiok iim .3 

naoni o’Jioinan naoo ,o»JiioMjn naan ino .Ag ++ »ai*n ii» i iro .4 

?oioNn 'yv o» i nop^xn 


?o’ai\m»N on 10 X 15 

-1 9 x 15 

oxn 

.5 

?o»aiv>it»K on 6 X 14 

CN 

* 

10 

<- 

1 

oxn 

.6 

7 2 He 4 "Tio’n 'vo kg -a mon 

>nn 

.7 

7U vimn 'yv (e.c.u. 

-a) ivonn 

inn 

.8 

?Au + oioxn 're (e.c.u. 

-a) ivonn 

inn 

.9 

18 X 38++ oionn 'n (e.c.u. -a) pwan inai (e.a.u. 

-a) nonn 

»nn 

.10 


?nr -no» nr’K 
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nPKWi? rvcnwi 


.n=6 inna 

.1 

n=8 ; p=7 

.2 

e=17 

.3 

n=? ; p=47 

.4 

Nb 

.5 

P 

.6 

m=6.68-10 -27 kg 

.7 

q=92 e.c.u. 

.8 

q=l e.c.u. 

.9 

u. ; m=38 e.m.u. 

.10 

.Ap Kin *no»n k 




non - 2 pna 


k •> no 2.1 


.oioxn m*s»b mum inopbNm iionan i>a -ropnn nan xin »bnonn ron 
im> maaiw manyn m>s»b oioxb mox i>a "iwpnn nan 01 xini 
nui miiam ipnn , minn bo wrm nx yaipn nan Kin .(mbipbin) 

. ibo moon 

,m>aan na xin anuninn nx yaipn nan ,o»>b*>o»i on o>jun noxa pn 
nb'oia ,o*aaran nynna iab obio m»aan na .»bnonn nan in nama obnn 

. ’ iai 'oxn bx o’on 

■vai *nom ivn»"rn nxi n*r*aan nab »inpy iaixa nnvT »bnonn nan 

.nr pnaa 


1 ~>bip pin — *ba«nn nan 2.2 

.o»»bnon o»iyon »io i»a na xin ’bnonn nan 
nrn nr R prnna o’xsni o>iyon >i« dk .q mxa ’bnon iyon inoi iik 


R - 

( 2.1 n>x) 

nil .on*i»a pmnai o’lyonn b*rua >ibn n»n» on’i»a ’bnonn nan 

: 1 ibip pin xnpm pina mini nab »io»an 




F 


K qi • q2 

R 2 


( 2 . 1 ) 


o» 3 iin »ra*in i»a ix o”n*npi oni nt’na o’lyonn i»a xin R pnmn 

.o’nta oni m»na 

.’io»ia *nnio ban inr ,*bona»nxn ’bnonn nan yiap xin K 

Gm 1 m 2 

(F = -55 — n-T’aan pina G ina) 
K 

K = 910 9 :( M.K.S. -a) xin ianyi 

.(C) i ibip mx-ipin ni*T’n ’3 mm ,iyonn ,q 
. 2.1 moil mrya iibipn m»n’ nx *i»mi 
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nt nnt iyoan o’Jiyo o»htp »iwP oiu’w ’bnwnn ivoan - iibip 1 
irpj rrmnn nx . 910 9 N n»m nap nt Pw itpnna nt 1 m o’pmiani 

:(2.1) nnom nasna i»anP 

9- ID 9 • 1-1 


F = 


= 910 s N 


i>’Ha U’xpw mub i*«oy niatnna m»n!> niPiP’ K \>v im>n>n 

: yji» nn'mn . iy©nn rmi m-T»n» 

FR 2 

K = — — 

9l <12 


■[^} 


K = 9-10 9 N-m 2 /C 2 (M.K.S) 

:*p imiin K»m inPipoxoo ronpj iy»an m*n» C.G.S. ni*r»n»a 
o’*ii*tp »jwP oi*ii»t> ’Pawnn ivonn - (state) iiPipoKOo 1 
nin*T»nP ntn nt 1 cn pnnzu o’ksdji nt nnt ’Pnyn iyoaa o’Jiyon 

.1 dyne Pw noi 
.1 -P nivo C.G.S. nn»n»a K 

K = 1 dyne-cm 2 /statC 2 (C.G.S.) 

(nni’in >nt>a K 9"v) Kin ppipp >>PipoNoon i»a *wpn 
1 C * 3- ID 9 state 


piopPNn Py pptioj >Pawnn rona m*apn ro top nap py i»anP *pp 
.( la’an oiox osya intv ij»kp 1 pnaa) . iionoP a’aoa aainoan 



(2.2 Pi’s) 
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.0.53 A ik 0.53-10” 10 m :xw ii'n'wi inopbKn bw pnrnn 
q, * -1.6-10 -19 C m e * 9.1-10 -31 kg :on inopbKn »aina 
qp « 1.6-lO -19 C Bp - 1.67-ID -27 kg :on iwnsn »J 1 JU 

nob kid iionani inopbnn pa rrroon no 

0111,1112 6 . 67 - 10” 11 9.1 lO " 31 1.67 10" 27 

F « -— * -—- = 3 . 6 - 10~ 47 N 

R 2 ( 0 . 53 -lO " 10 ) 2 

n*jyonn »o no>wn no Kin daw) iionani inopbKn i»o ’bnwnn non 

:Kin (in»o »aiw 

Kq, q 2 910 9 1.6 lO " 19 1.6 ID " 19 


= 8 . 210- 8 N 


R 2 ( 0 . 53 -lO -10 ) 2 

no into pn yop Kin *o inopbKn tyono (-) n in>ob iaon»nn Kb) 

(non bin by nyawn ib i»k .n»n*r Kbi no»»n 

iF 


nniun 1 

m-iof 


* 2.3-10 39 


:Kin ninion i>o on»n 


!n*r»aon non IQ 39 »a Tiyo bi*n ♦bnwnn nonw mam rou 


.o»ayon *iv i»o non by po mini mopn pin Kin iibip pin 
.o>ayon an boo naan baoa n»ayon >awn mv w»i n*t»no 


a o»ii« o’pmna q o»nr o’ayon tnbo o»nain *iw* ip by : 'k nam 

.( 2.3 A *ivs) ntn nr 
?iyon bo o»nnw non inn 



( 2.3 A ni*o) 

.n»m ninio i»n» obio mnion o»nw o’ayonno iivon : i nna 
w»a*t* »bKnwn iyonni na»n» n»m ninio »ao t>»ao> >an»n iyonn 
o»ayonn »aon nm> >ysnKn iyonn ( 2.3 B tvs) nbKn® ninion oniK 

.oipno *ik«p pbi mi® m»no 
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(2.3 B -»>»x) 


:n»n» »m»n ivonn by ron 


_ Kg 2 


Fl = 2 
1 a 2 


:»vxnNn ivonrm 


*. _ Kg 2 _ Kg 2 :*bNnwn ivonnn 

* 2 " (2a) 2 " 4a 2 

F = F, + f-> = — • ^ : P* tin bip«n ron 

' 2 A Q 2 


:(2.3 C -n»s) i»n» o’oyonn ntnbw by mman iabi 


F « 0 


F = iq 
4 or 


q ,.§.«£ 

4 a 2 


(2.3 C Il'S) 

o»njia 1 m iybx yiinw yin»n bv vnp'P nya*»a : 'a hoait 
o»*np*npn »jwai 510 -9 C bw iyon o»»*taj o»*np*np »J«a .o>jyon 
jyonn by byian nan ina .(2.4 *n»x) -510 -9 bw iyon o>nnNn 

?ivbyn »ja»n 


-5-10 " 9 C • * 5-10' 9 C 

5-10’ 9 C • • -5-10‘ 9 C 


(2.4 *ivx) 
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na>wa mma »iw .mma nwiaw w»i*ia ii»ayn »ia»n ivoan :j_vma 
na aa .(2.5 avs) »ai»nn ivoan ia n’n*r rot o»>a»awn o>iyoan aK 
.on»i»a ayia font) o’lyoan >iw jik aanan ipn ay Kin 



.oa-rua omibf 2 -i F, mman 

F, . f 2 - . 2.25 ar* » 

(.aaaa nan iii»a ay manual *K iia ini ivoan aw (-) -n ia»o) 
:*im» i*>p mm f 3 iaai mi> aim »m»3n ivoan aK pnnnn 

F 3 - 91 ° 9 5 — — = 1.125-10- 7 N 


na’on) . ma»ana f 2 -if, niman jik pmi aipwn nan jik Kiana >aa 
aipwn nani nr jik nr loam onaw Y -n »a»an mnon>o »aip»wnw K»n 

.(x -n ma av pn *ikw» 



SF y = F, •Cos45* - F 2 •Cos45°= 0 

EF X = F 3 - F 1 -Sln45* - F 2 Sin45°= F 3 - 2F 1 Sin45°= -2.06- KT 7 N 

(F, = F 2 -w maiva uwnnwn o»aiw»nn >iwa) 
tin u*ina) .yia»m ram an nnoi 2.06-10 _ 7 iaa Kin aipwn nan 

.(n»a»aw Twain naapi >ai»nn iivaa F 3 



ai<N 
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50 gr onoav onra >iw : 1 a naan 
*3V imya namoa impja o»»ibn 
1 m ona tok bb tiikb o»oin 
tnaj o’omna ton bb .(2.7 ivs) 
o'jiyo o»Tnan .*jjxb 5* n»v>ra 
?ina . rmr ivona 


(2.8 A tvs) o»T>-ona tok bb by o’byian mman by banaj : i nna 





(2.8 A IVX) 


»a» hk lonan ipn by n»rrr ro Kin ron ^a’o *iiw o’jyoano iivba 

.o’oyoan 

.(2.8 B *n»x) o’-mbn *tdk by mnibn m pnai 

:nnuni nnpnw vii’bo 


SF X = 0 
F = TSin5° 



F = mg-tg5° 


Kq* _ c . 

ST" = ngt«5 


EFy = 0 
mg = T- Cos 5° 

:bipj nx 11 wai nxitwa npibna 


:o’lit* o’jyoano pvba 


= 1-Sin5° 


: 2.7 *n»jfa R jin xxaa 


R = 2*l*sln5° = 0.174 m 


■/FS? 


= 3.8 10" 7 C 


:bapii b’SJ 
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nr 1 n pmaa o’Nxai 5 cm ona thk aa o>vna »jw : '~r naan 

.5 pC/m 2 a* twee jv>9»3sa n>j>s>nn ona»a o»jtyv> D>-man .nta 

?o*-n*iana -mx aa v*vuw nan ino 

. 5 pC aw ivwo «» yana *tob aa ayw Kin ma’asn tm>a : i -nma 
5pC»510~«C 10* 6 aw i«»p Kin ( np»n) p . tvaa m»n» K>n pC 


V»m -man now .*man noto ivoan ma»D* nbaaa Ktn ina aa ayw ivoan 

: iaai S = 4 ttR 2 nram 


q » 4x-0.05*-5-10 -6 - 1.57-1Q- 7 C 


F » K^ = 9-10«-(1.57 i0 -Z)!. = 22 . 10 -4 N 


:xin *ma aa ay nan 


paan oia’o 


wva o»jyox>n aaiia »ian nan .no w’ o”aawi o»iyoa »jw aa i’i 

. pman yia’na T>on on»ai ->*>> 

Kqi'92 


R 2 


:ni»na »io ’22 yapi K n»s*n3 , non yiap 
K = 9-ID 9 m 2 •N/C 2 = 1 dyne-cm 2 /statC 2 


(M.K.S) (C) v»atp 1 :in iyoan m*r>n* 
(C.G.S) (state) paipOKVJO 1 


3-10 9 state = 1 C 



mi>OT 
'k nm 

prnaa o»xxaj 3 pC bw »i«m 4 pC bw tnxn o”impJ o’jyoa »iw .1 

?on»i»a ran ma .nta nr 40 cm 

prnaa o’kxoj (-5) pC bw ’iwm 5 pC bw -rnxn o”mipA o»Ayoa »iw .2 
:xm>n 1 pC bw »w>bw iyoo by ran ma .nta nt 1 m 
.o’iyoana -mx baa 0.5 m pmai .x 
.o’iyoona trix baa 1 m prnaa .a 

bw prnaa o»xanA 4 pC bw own 5 pC bw triKn o”mipi o’jyoa »jw .3 

.nta nt 50 cm 

10 pC be ivoa n’inb in»i on»j»a nanan ipn -pixb ia»n .x 

?oipaa txw» lyoanwi 

?n rmpia nai»w iyoan b*riAb ma>wi w» oxn .a 
ba .nr bw itaiaa nr 1 m prnaa o’kxoa 10 cm oov*nw o>n-ra »jw .4 

.310 -6 C/m 2 ima’axw iyoaa iyoi *ina 
?o»niian i»i byian ran ma 

o’xxaa 1 m lybx riixw mybx nnw wbiwa bw i’*np*np nwibwa .5 
?o’iyonna -mx ba w»A*iaw ran ina .3 pC bw o>nt o’lyoa 
.5 pC bw iyoa xsai 60 cm iybx Tiixw yiam bw 1 ’tiptipa nwibwa .6 

:Kxaan (-5) pC bw iyoa w>ai»w ran ma 
?yia»*m raioa .x 

?’y»a*in -rip-npa .a 

xin pmanwa on»a»a ran.io pC bw ’bba iyoaa o»aiyo n»ina »aw .7 

?n*ra ba bw lyoan ma .0.05 N Kin 2 m 

© 

?nta nt 10A prnaa o’xxajn a »p’pbn >aw i»a ran ma .8 
(o’jno’ia ’iwi o’Jlona »awo aana a p»pbn)(l A = 10 -10 m) 

.0.53 A bw oi»*na ia»an oioxa iionab a»aoa aamoa inopbx .9 
?inopbxn w’Aiaw ’boamoAxn ran ma .x 
?inopbxn w’mnw n’boaooAim nmxnn »na .a 
?inopbxn bw n’lipn nivnani n’n’iitn nii’nan »na .a 
o’jmopbx naa .nta nt 5 m prnaa o’XXoa 100 kg onoaw onna »jw .10 
ran ’"y itxn» m»aan raw ’ta ’Jwb *rnx *inaa -vaynb -pra 

?’bawnn 

mipja 50 cm oanxw o*oin »Awa o’-nwp 100 gr onoaw onna »jw .11 

»ai»nn lyoan mo .ijxb 3’ n»iita wtda o’omno *rnx ba .namwa 

?ina ba iiyo law nntn 



nrw 3 d .L idunw Dina m non n»i3n X iduno oin 3o i»*t»s >Jon 
3 d noio na jviit3 q iyonn i»d *iopn inn .q iyonn miyo monnn 

?liKn in o’oinnn nnx 


.12 



(2.9 -ivx) 


' d nm 


i3-tia inn .q iyon min a iy3x tiixo yin»n 3w vnp-np nymxn .13 
»ii»oa ni’n3 o’jyonn nynto oi*U’W yia>m tomn mvo iyon 3w 

?o»’3non mniD 3w 3pon 

.ntn nr d pnm o»pnnm *i«’ ip 3y o»xxni o’Jiyo o»htd nwi3w .14 
dnoj 3nx yii3 3 id» q 3 iyonn .o»yinp o»pmin q 2 -1 q! o’iyonn 

.nniina 

?q 2 _1 9i 1*1 of 1 ’ 51 ,|na 



% 


*2 


^1 


(2.10 *il»3) 








^un l’iya 3 t> o**rip 7 ip nwibwa o’Hsni -q 2 ,q-| ,q-| o»jyon n«i 3 w .15 
q 2 1*3 tm»n rix n» .( 2.11 n>sa) 120 * bw nna miit 

?na «>vi> to »v>im •nptipa otn*w »)oi 3 iyoaw »-td q 1 -3 



(2.11 ivx) 

vn» 13 nPKwaw yia>in »-np*npa n»3yoan nyaiKa o»»3Wi rn’aa .16 
in3i» o»nr o>3yun >3w Pai ,o”0»3« i*n* o»tdk o’»3tn o»>avn 
oita* yia»*in onaa mi> okb iyoa n»n> oxn ,nrr? nt lioabKa 
?ina ia on .n»»bawi mm3 i>w Ppwa nvwa m»rt? o’Avoan nya-wi? 

.nra m d pmaa o>Ksa3 q iyv>a »>ya o’Ayoa >)v .17 

1 »a fornn impia a pmaa Kanin ■ noni -q* ivon >v non inn .k 

.(2.12 *ii>x) o’Ayonn 

nyiina yii»w »*o vm o»33 iiioa iyv>ni> nrt> v - *® m*i*nnn »no .a 

Trt’i’iya 

ysan Kin rrmaa imitia -q' lynnni a << d iwow »n» 3 in/roin .3 

?rrti3nn mi’tn >na .n»3in*in nyiin 



(2.12 n>s} 
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w'pmn iv'zK'XM'iS nni)K - 4 pno 

k a oa 4.1 

,oi*3 *im*a m»wia»wn n»AiAKn mns» nr»K K»n n*3awn n*niK 
3w nnriK nvma mwpna K*n -rx»a i»an nmw t»dj nr pnaai 

.n* AUK 

n»A-ON3 n*3awn n*3N*xjoi3 n»AiAK i*a naapnn 3y nr pnaa -nayi 
T3 nr»K iajiik nub’w win Awia nr paaa man miaia n»3K»XAOia 
.3K*xAoian Awia Kim o”bawn o»3Ava nin»A3 

n*b»iynn n*bK*^Aoion n* a~ia nn 4.2 


n* auk w» nra nr R pmai o’Kxnin q 2 -i q, o*Avua »aw3 
yiAb o’jyoan »aw3 in»j ok ?nKr o»vri» unJK -rx*a .n>3K’*Aoia 
*"y n*o 3 *p n»AiJK naan m*i*na i3ap* ,nra nr ipnui* on daix-o 
. oni* w»w n*3K*ajoian n*AUKn ia ?iba»pw n’AiAKn ia»nn .13 
mao jik o*awna iaoak , n*3K**Aoia n* aiak *yran aiw»na ,*nara 
.* aw aaa3 inK axaa naayan ok K*ani> *ia y*pwna -paxw miayn 
pma3 R, prnna q 2 -i q, o»Ayoa »jw an>p> nwm nuay naa awm 

: (4.1 m*x) R 2 


q l • ◄-Rl-^2 

qi • ◄- R 2-q 2 


(4.1 n*a) 

nnoiA3 nayb 3ia» nnaina xan ia*kw *a .naiiK K»n moiAn nroin) 

(4.1 

awna iA*3y ,yiap ia»k nani ,yna nan nbaaa K*n miaynw iivaa 

:yaiaa na 


W = FX 
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:libip pina in»a o’jyoan »iw pa ronv pvaa 

Kq, • q 2 

F " — R 2 

nK pbnb u*by .mop Kin vanaan aiw>n/TKJ»b lawa nanwa u»ki 
roTwa nan ana ttik baaaAR o’3 op o’pbnb R 2 -b 1 »a Tnn yop 

:(4.2 avs) >aKJ>b isina 



(4.2 ai»s) 


:n*n» yjnaan nan iiwan yopn , •yvnb 
= 0.5-Kq! q 2 -[ *(r^r)*] 

:3»xai R a <— R, -AR -b K*ipJ 


= K .1 1 . 

F = 2^ ^ ^ *R^ > 


AR = R, - R a 


:K»n tittw pvaa ,n»nn yopn laixb miayn 


w= F X.^az ( A*j^ ) (Ri - Ra) 


M s . (Ra 2 j Ri 2 ) (Ri - B 

2 R, 2 R A 2 

(R a - R,) 2 * R A 2 ♦ R, 2 " 2R A R, 

Ba 2 ♦ Ri 2 ■ (Ra 7 M 2 * 2R A Ri 


:qmwa man nwyi 


:v iii»aa 


u = ^1^2 . 

w 2 


Ra 2 Ri 2 


lop (r a - R,) 2 :*TDKn .o>aa>K ’Jw t»» o>yaiaan o’aaion -pra 
nt aa»x n>)» .(R, -b *TKa anp r a -v iiioa) »awna naana 


:bapa 1 




1 1 
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:o»aboa miayn nx noyj r 2 -b R-j -a y»anb *td 
\ —> R 2 " W R, —> R a + ••• * W R a — > Re * ”• * % —> R 2 = 

■ ■*«■! k'k"k 'fc 1 *•••* ^ 


:p^i laxaosn ——i ^—b 0*19 o»->a»xn ba 
"2 K 1 

» ■ ***■■< ^ - ST > 

»ao aapb »*o moyb miayno x»n iaba>po maion nxxinm 

:x»n R 2 pmab R 1 pmaa o’jyoa 


I 


"r, —> r 2 = Kq i q a’ ( 



mbx’xaoian mvuxa »u»on da x»n D*ayoan aimpa rmoyjo rrnayn 

:ixaai ,W *AE -pano iivaa ,anbo mbaonn 


AEp = Kq t q 2 - ( 




m>nb o>ayoa >ao i»a mbaonn n>bx»:ooi9n n»A-oxn m mai tax 
mviaxno naxb bau ,»9ioa»x nan on>i’a pman noxa oax 
:K*n nra nr R pmaa o»ayoa »ao bo mbaonn mbx’jooian 



mbx>sioia mvuxb nnoiib axa nan naio>nb Trm oai at nmm 
Gm, m 2 

E P -p— :m*raia 

o’ayaa >jo ib>xi , irb ir maoaa moa *noo laa yan m»oa baarm 
mauxn tin o>apan »aoa o*mia oxi ,nr nx nr o>nn ia»o mi« 
*T»na moan bo mpaa rx ,»sioj»x pmaa oax nvnb mbx>xjoion 
*T»nx a»ayoan bo mpaai *iioi»xb moan nx x’anb >aa rmay y»ponb 

.*lio3»xa moan nx x>anb >aa rmay y»ponb 


210 -6 C bo o’ayon *ao bo mbx>xa©iDn mauxn »na : nn;m 

?nra nr 1 m pmaa o*xaaan 
?nra nr 0.5 m pmab omx a*ipb »*o y’ponb *r»nx mi ay naa 
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E,, - SM* - 9 M Y M - 6) ‘. <=.036 •> 


1 ~nao 


ap 2 


. aviiixn «nanb nnw «rmn axab o>jyonn axana n-nayn 
_ 9- 10 9 ( 2 - 1Q ~ 6 ) 2 


0.5 


= 0.072 J 


W = Ep 2 “ Ep-j = 0.036 J 


aunbtP ionyn jvbnwm mbN’sotnon n>jniNn *nn : n«:m 

q 3 = -110 -6 C ; q 2 = 3- 10 -6 C ; q! = 6 10" 6 C o»jyoa 
70.5 m N’n iybx *pix® aiybx niw vbiwa bw mi'3 wibwa n’xxajn 



“tanaa o>jyoa nna bw n»J*iix iabi ’*ibpo ban x>n n»;njx :jjnra 

.(b>;n T>a>n) »aajbx iaixa oiwa 
-paxw miayS mi# aaayab «’« a>bavnn a’bx’XJinan n»nJNn 
rpyan by avoir) iab .qioj'xa o*jyuan ba ax x»anb »*ta y»p»nb 
lyoan ax x*anb >ra .iyoa >anx iyaa o»x’aa unax ib>xa nxrn 
*nja>io na n»n xb »a rmay y»pwnb n»n xb , bwab q 1 iiwxin 
:rmay y»p»nb aaa -pax n»n q 2 ax x’anb ’*ra . ib 


Kq 1 q 2 


.q 2 bbia oji q, bbaa oa rmay y»p«iab T»nx n»n q 3 ax x’anb »ra 
xbx miay y’pwnb vix xb iabi »b’bw xin axrn naavTa q 3 ivoan) 

(>b»bw n»n’ »io»an qa oiva .rmay bapb 

Kq 3 q, Kq 3 q 2 


:n»na .a’bawnn a’bx’xaoian n’Jiaxn oa iabi ,a»bban rmaym 


W =AE P 


Kqi q 2 Kq, q 3 Kq 2 q 3 

- ♦ - + - 

a a a 
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g.lpg. 6»3 j0~ 6 - 3 IQ- 6 9•IQ 9 -6-10~ 6 • (-!)• I0~ 6 
W = 0.5 + 0.5 

. 9-M* 3 10-e (-l)10-» , 0162J 
0.3 

,n»A*ux bw mnx mixi> -part? nPawnn n»3x>sAoian n’AaAxn 

T»an3 d3id» n*oj»p n*A*ux ,*Ta»nt7i .3«n3 moA’p n»AnAx ■>*» 

.nPa»n nPx’*Joia n>AaAxb 

xsain »jw a p'p'yn roop!? yj 5-10 4 m/sec inn*now a p>pbr> :nnvrr 
>iv pi invi inpn pmnn n»n» na .laipai yupm ixa pirn 

?a -n >p’pt>n 

w»w n*T»n»n tvaiaxti *rxa o’pim a -n »p»p3r \ *aw -voxi : i nna 
.(4.4 A *n*s) nyiAnnw a -n p*p3n jvoj’pn rvAiAxn x»n ronyan 
4 -3 rmv inoa .opvtomj »Atn ooiona ’j»a oina a p»p3n 
mo = 4 m p : pin .ponan mm a»aya 

q a = 2 q p : ponon poa o’aya!? rmw iyoan 

E 1 = E K1 = 0.5mv 2 = 0.5-(4-1.67-10- 27 )-(5-10 4 ) 2 = 8.35-1Q- 18 J 
.nmiaa o>p»pi>nn,nn’j»a un*i *i*pn pma3 o’y*Aa o»p’pi>nn iioxa 
.(4.4 B Ti»a) mbawn n*3x>2fioia n>A~tJx x»n JVA*oxn io pin 
Kq 2 9 10 9 (2 1.6 ID' 19 ) 2 
E 2 = E P2 = -p- = P 

Ek! = E P2 :mawj n>AUxni!> pvaa 

R = 1.1-10" 10 m :iXDai 



(4.4 B TV*) 


(4.4 A TVS) 
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naa . nra nt 20 cm pman o>Nxaj 510" 6 C o»jyv>a »jw :naAVT 
5 cm pmaa 10 gr t>v noai 310 -6 C )wa mnyn3 n«m rmay 

?on»j««o mm pma npnnan rmpjb *mxn in 



5-10" 6 C 


(4.5 ivs) 


n*A*>JKn mart? nnt< rmavn : i nna 

W =AE p = Ep B - E PA 

rn’bK’SJvna n>;njN lo -nail awij 



Kqqi 

Kqq t 

2Kqq, 

2 9 10 9 • 5-10" 6 • 3 10- 6 

C-PB 

a 

Kqq t 

a 

Kqqi 

a 

8 Kqqi 

0.1 ' 27 3 

8 9-10 9 5 10- 6 3 10- 6 

“PA 

w = 

a 3 

2 2 a 

2.7 - 3.6 = -0 

"3 a 

.9 J 

■ 3 0.1 - 36 3 


n»A*UKn in nainj B n*npjn n»!?><’sj\jian n»AUKn n*nayn 

k!?n rmay y>pwni> 'y'n i»*ix n>d ropoan .A rmpja n>i?N’XJvnan 
.rmay "in>"i raian 3 k Tib yu» 3-ID -6 C 3w iyonn ,qa>n3 
in *wn* prn inm nrn*T i>3k anpw ttwh iyoanw v»vpa ,*i>ao) 

. ( uaa pimw ivaan 
?n*nay "im" maix iwr na 
. V»yan p>p3nn 3w ji*dj»p n>A->JK nvn3 *pann 0.9 J 3w n>A-OKn 

: iyoan im*na rvrm na 

E = E K = 0.5-mv 2 
0.9 = 0.5 O.Ol v 2 
v = 13.42 m/sec 
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rrnjN i9in nami svnpp nrvcu rmpia bau« v>jw aaa 
n»vux lam ntn v>»n *p n»oa»p n*niN> n»*rava nPx’Sima 

.n»v>j>p n»:nixy npawn nPx’Sivna 

o’Kxna 510 -6 C ont?t< lyoani 100 gr onoaw o>->na »iw tnavrr 
10 m pmai> ipmn*«o onm>na n»rm na .ma m 2 m pmaa nrmaa 

?ma nt 


:*raba nPX’moia ony« n»A-uxn iiwnn y)ia ; ynna 




E ' ‘ ®P' " R - 2 


:rwop nPx’xioian n»viixn nta m o»»awn Apmnrno mxy 


a p2 


_ 9-10 9 • (5-10~ 6 ) 2 _ 


10 


= 0.0225 J 

:viap ym x>n mroxn io ion pvaa 


E 1 = E 2 


®p1 = E p2 * ®K2 

E K2 = E p1 “ E p2 = 0-09 J 


E ^2 = 2-(0.5-mv 2 ) 

/ e k 2 

v = \] = 0.95 m/sec 


:o»*man >iv bt> x»n nn n»oj»pn n»A-oxn 


»man ymn , yinn -na»w pm *a yy> nun nnoa o ,rmw 0 Jvn»na) 

(.oax axwny a>»n 

ia 0.53-lO -10 m pmaa p-rapyx aamoa ia»an oioxa .- naan 

?rD*iyan yw npyan n’juxn »na . vioman 

n>A*uxn ,o»»Jwa naa-na poma-1 nopax rcnyan >v n’i-oxn : ynna 
’jw aw (nPawnn) nPx’sjvnan mvoxm inopbxn yw jroj’pn 

.o’iyoan 

nyiina yj xmw maiya aar’j p-ropyxn nn>na nx xixaa ’*ra 

: pm mmya 

Kq p 2 _ mv 2 
R 2 = R 

rvtrr xm na»wa xm rorw yap ivwpbxn iyoan >mm>n p*on) 
v 2 _ KflEf. (n>mya nyun na»>pnaw pm 
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: iab K»n ivropbNn bt> n’oi’pn n»;niNn 

E k = 0.5-mv 2 * § ^ 

:x*n mbawnn n’bx’SJoian ri’j-oxn 

P _ Kq P q«. _ -Kq P 2 (q e = "9p) 

Ep " R ' R 

:n»nn mbban rpjijxn 


E s E K + Ep 


1 Kq p 2 Kq p 2 -Kq p 2 

2 R R = 2R 


-9-10 9 • (1.6-10' 19 ) 2 
2 0.53 10- 10 


-2.17-10- 18 J 


aiw*nb nnr ia»an oioni iviopbxn b« mbban svAUNn :nw»n) 
rm’n ot> oa .np’jaaa rrT>aon paan nntnnio i»nb b« mbban rvAAxn 
n’oi’p tva-ox nmn oo da .n’bx’sjaia jva-iana n»©j»p jva-iax 

:nn»n n»bban rpAnAxm .jvbN’XAvm 7 i»a-ijni 


Gm, m 2 



an 4.3 


. iiaa R pma npfvnan frripj by) *nb main q ivoa by banoj 

(4.6 -ivx) 



:rrmv y>pwnb vi* .rmpAb q, ivaa qioA’xa x>anb »*o 

Kqq, 

W = -R~ 

:muy y>pwnb -pi* ,n*np)b q 2 ivoa TtoJ’xa N’anb »td 

Kqq 2 
W = — 

dn b»aaj q' irnubD )yoa mini rrriay mna awnb rcniw oya baa 

.N’aiw q’ iyoaa ytapn binn 

K 



m’p imi« iinn R pmnai q ivoaa »ii>nn yiap irm kid bn an 

' n 

« 1 ioi»Ka iyoa irr»n» K>anb »-ra y»p«nb v*mi rmayn maa jtk 
. bK’xaoian int (q'=l W -b nnoiia naan ib>Ka) .mipin bK 

. iyoa m»n»b muyn maa -bK»xioia 
R pmaa q >mip) iyoa bw bK’jnoian .v niKa bK’xioian m inoi 

:n»n» naa 


V = ^ 
R 


(4.4) 


.(V) obnn N»n bK»sioian -rrai naw rrprvn 
mana 1 J bo rmay nom ox 1 V Kin na»ioa rrripia bK>xioian 

. mipib <iioi>Kn 1 c 

(4.4) rmoiia laa -rr>K iyoa »"y *mj bK»sioian ok dj , »bba iaiKa 
V bK»xioian atnnw mKb ,o’bK»xioia bo oiao »"y mi Kin ok on 
T>oj»Ka K’anb »aa y*p«nb *i’ix rmay nna aonb »aa .rmpia 
y>p»nb T*aaw rmayn mm Kino V ok b>aai ,q’ iyoa rmpib 

jiiKanw q’ iyona , iyoa m»n»b 

W = Vq* (4.5)' 


ii>’Ki .bKmoian iw m>o iyoan Kin q 4.4 nnoiiao iab ab o»ob aiwn 
.miay n»»»y *"y rmpib o>K>aao iyoan Kin q’ 4.5 rmoin 


min pmna o’xxni 1- 10 -6 C b® iyoni 2- ID 6 C b® ivon s nana 
20 cm ,-TfiKn iyoan in 80 cm jiKxain A rmpia bK»sioian ina . nra 

?>i®n iyoan ia 



12 m 


(4.7 n»s) 


.o*iyoan >iw >"y .Tiaia ,ouj rmpia bK»xioian : inna 
V, - S}1 , 9 1 ° S 0 2 8 10 ~ S - 22.500 V 

v 2 - Ba* ■ fLUP-g s n . 45,000 v 




n»n» A rmpia Px»aa©ian iaPi (n»jux ina) *>Ppo xm Px’smia 
V A = V, + V 2 = 67,500 V :o»Px>*Joian P« *na»nn 

A mipiP qioj»xa 1 c Pw )wn o»x»aa«aw x»n nxman aiyawa 

.67,500 J x>n y>pwnP v*>*w mvuxn 

man xm UP aiwiw na 2 irnpjp 1 rmpja q’ iyv>a x»anP »*ra 
W-i rmay amyp -pas ox© in»aai ,nmp)n »aw i>a o»Px>moian 
ax x»anp *td w 2 rrnayi 1 rmpiP qmi’xa iyoan on x»anP »*ia 
2 n-npjp 1 rrripia lyaan axana rmayn tx 2 rmpiP »iioj>xb ivoan 

.ai-nayn tnan x*n 



(4.8 H’x) 

w,_ > 2 = w 2 - W, = V 2 q' - v iq * » (V 2 - V, )q' 


W,-> 2 = (V 2 “ V, )q* (4.6) 


.U -a mix o>iatjai ,naa o»x*iip V 2 - 1A, o’Px’xmian tnanP 

.©Pirn x»n tn naan ttoj naw rrT’n»n 

y>pgnp via ox 1 V xin aiaipj m© pa (n’PX’sjpian than) naan 

. rrnpjp ampin iiPip 1 C axana 1 J 

rrnpii 210 -6 C P© >mipj lyaaa 1 m pmaa axxni A nmpj :najvr 

.lyonn i a 20 cm pmaa B 
?(B -i A ampin i»a naan) o’Px>xioian ©nan ina .x 

ampin l lo -6 C P© iyoa x»anP »*ra y»p©np -pas miay naa .a 

?B rmpiP A 
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(4.9 *ivs) 


Kg 9 10 9 2 IQ" 6 

A " = 1 

Kg 9-IQ 9 2- IQ" 6 
Vb R b ‘ 0.2 

U = V B - V A = 72,000 V 


.rmpj ban bK»xj*>ion jik nwni : i lino 
18,000 V 

= 90,000 V 

:Kin nnnn 


w A -> B = O q'= 72,000-1-10 -6 = 7.2 10 2 J :K»n nniavn 


q 2 = 4-10 -6 C ; q, = 5-10~ 6 C ro’jyon o’Jim :rraAvr 
B rrnpn onn *mK ban 0.5 m npnnn A n*npi . nrn nt In n»pni*inn 

.{4.10 *ii »x) nnn idk ban 1 m npnim 
?B -i A nmpia bK’xioion inn .k 
?A -b B -n 2-10 -6 C bw ivon mavnb miavn »nn .a 



(4.10 -n»x) 

Va = ^5 + 5^1 = ^§“' (510 ’ 6 * 4’ 1 0~ 6 ) = 162,000 V 
V B = = — ^° 9 - (5-10~ 6 ♦ 4-ID -6 ) = 81,000 V 



:A tmpib B rrnpja q' ivoa x>anb »*td 

W B _> A = (V A - V B )q' = 81,000 2-ID" 6 = 0.162 J 

(nbrmna bx»xioian mna »poa bx»xioi9n nx aoni fan) 
:a nb*n qua bo n»baorm n»bx»*iot9n n>n3xm 
AE P = W B ___> A = 0.162 J 

nb»-na rmavn nt mpaa .qun bo n»:nixn >u»ob -pan m^o rrnav 

. qnn bo n’baorm n>bx» 20 oian n»iuxn nx 
H 1 __> 2 = AEp = Ep 2 — E P1 = qV 2 - qV-| = qU 

o9x bx’xioiaa xxam ivoa bo n’bx’xioian n»A*uxno n»jj dx , pbi 
ivon bo mbx’XJoign n»njxn (om»» mipa bo m»m nxt) odx x’n 

:x>n V bx’xjoiaa xsbjh q' 

E p = Vq’ (4.7)1 * 


inopbxb o» jvj-ijx naa .50 V bx’xioian nanoa rmpaa irtavvr 
?rmpja xxaan )ionai» n>njx naai .smpaa xxaan 


:x>n inopbxn 'yv n’A-oxn :j_vtjt9 
E P = qU = -1.6 10- 19 50 * -810 -18 J 

inopbx x>anb >tj miay v>pon 'y xbo lib naix (-) -n ia>o 

.n’iiixn nbapna xbx ,n*npib r*oi ’xa, (>b>bo ivoa ba ix) 
:x>n iionan bo n’bx’xioion n>i*iixn nxr natvb 
E p = 1.6 10- 19 -50 = 8-10” 18 J 

.n rmpib qioj’xa iionan nx x’anb >tj 8-3j0 -18 J v>ponb *r»*wi 

mipab 20 V bx’sioion na mipin *iaiv 110 -6 C bo ivoa :nmn 
?n>bx»sjoi3n n’iuxn nbni naaa .30 V bx’Xioian na 


AE D = qU = 1-10 -6 • (30 - 20) = lO' 5 J 


: i vino 


VJb? •> 1- 1 •> 


in 4.3.1 


.no*m n’i-iix n*r»n» vrov mil 
1 nopbxn bo n> J*uxn -1 v bo bx’sioioa xxai inopbx *ioxa 
Ep = qU = -1.610- 19 -(-1) = 1.6- 30” 1 9 J :n»nn 
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mix o»inoai trtm -1 viopi>K 1 D’XHp n»vux btr it niaaa 

:1 eV -a 

1 eV = 1.6 IQ' 19 J (4.8) 


?mn’na »na .ID MeV be n>oj»p mnix a p*pbnb noArr 

1 i»b*a one obii-piopbx mab ns»p int MeV : inn3 
: pb x>n a -n p*pbn be n»niNn .obii-inopbx 
E = 10 MeV = 10 ID 6 eV = 10 7 • 1.6- ID" 1 9 = 1.6-ID -12 J 

E = 0.5-mv 2 :n»oi*p x»n n»AUxne pvaa 

1.6 10" 12 = 0.5-(4-1.67-10“ 27 ) v 2 
v = 2.19-10 7 m/sec 

>X3oio i »»oign n-no ■> »a ~iwpn 

xxam q proa byi a proa ma’oxa pyon > 9101 *x nib by banoi 

. nan x, pmna 
?X 2 pmab iyenn nxiro ntnn mi ay naa 



(4.11 up) 

F = Eq :>baenn nan Kin i>by namnb o»a’m unjxe *T*n»n nan 
AX = X, - x 2 :x*n nan nx oP’yaa iinix naiixbe -pan 

W = FX-Cosa = Eq - ( X, - X 2 ) : pm 

V 2 bxpivnab Vt bxpioiaa q proan nby nypeine rmayn bbaa 

.nb*n ibe nPxpjoian n’iuxni 


4 . 4 




«i-> 2 =AE P = qV 2 - qVi 


naab man Kin E Pawn mwi 
: X pnnaa bKPioian maw 


n>a oa pb ttoj Pawn rrrw 
mw 11 1 ’3a 1 m bac *i»ik nr *in 5 V/m Kin n»rwn pawn rrrw ok 
bK main bKPJoian p Kin Pawn nrw pio .5 v bio rrr»*i» n»nn 
:*n<a naiw mpoa p»onb nPia* iaoak ikdbi .-jiain bK’XAOian 
pvaa) -paj bK’sioiab maA bKPAPiaa via* »avn ’j>awi ivoa 

. (Pawn mw 

pioa) maA bKPAoiab ~naA bKPAoiaa via* PPt> Paw ivoa 

.(Pawn mto *jian 

V/m bw m*r*n*a oai n/c b» nn»n*a oa ttoa Paw n*rw rrraiyn 

:ni"r>n»n pin nbN »a ' pi ' pi'p ro’iK m»N 

V/m = J/C/m = J/(mC) = N/C 

r>~Tvin•> nnan i nopn 4.4.1 

ninib i»a * bawnn 

ma’aaa opiyoni d pmn o>pni*inn mmb *aw by banoA ok 
mw Kin on>j»a Pawn mvrm mip ia’kt ,»nwba ivoa 

.n*nK 


q(V 2 - V, ) = Eq{X-| - X 2 ) 

_ v 2 _i.vt _ _y 

X, - X 2 AX 


E=^ (4.9) 


.V/m b« nn> 


Vi 


v 2 



d 

ir 



(4.12 -ii»s) 
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rnt o'snv nniK .jaiao bK»sjoAoa kxoj mnAbna ttw ba 
.bK’SAOAan M)'# jik f#oan ,nn»i>a ’bawn mv v>v iAA»aa 
mwn iAA»aa yic *ai»n ivoa »a V! > V 2 v o>yrA» oa aJ nJK 

.-[ABA bK’SAOAOb DA3A bH»XABA9B yu» 

„ 0 :4.9 imoui vmtvi ok 

E = AX 

AX = d 

:K»n mmb i»a rrrtib non i>a mopb nbapnan nnoAjn 
E = | (4.10) 


ttnon v* 5 cm on»i»a pmanw jAAmb »iw i»a : naAAT 
ivoa K’anb ntn-VT rmay nna .100 V bw (nna) o»bK>XAOA9 

.510" 6 C b» 

bK’SAvnan bva mbb tamo bK»sioA9n bya mbn ab .1 

(B -b A -a) ?nAaAn 

ia 1 cm -b iiain bK»*joA9n An 1 cm b v pmaa .2 

(D -b C -a) ?maAn bK»sioA9n 
(F -b E -a) ?rnaAn bH’XAOAon AAA»ab 45" n>AAta .3 



(4.13 TA*a) 


nnoiAn »a by nnxn .nATAs >mia At nbKW TAnub aa’J ; a Anna 
n’AaiKa »aj»ot imya n»At)m .Tita ro nbaaaa rmayb 

.mbK’SJOADn 

W = FX-Cosa :'K TAT .1 

: iabA »bBwm ron kata Ab o’TAAnn AinAKW nan 


F = Eq 
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:l33i d Nin ron 3yia i3*iin3o pnnnn 
W = Eqd = Uq = 100 5-10" 6 = 5-lO -4 J 
W =AE P = (V 2 - V,)q = Uq = 5-10" 4 J :' 3 TVT 

: pmaa pi Kin 37arm mi won inn .2 

W = EqX = -^jqX = Q ^|-5-10- 6 0.03 = 3-10" 4 J 

.o»3N>moian «nan tin nixb3 oonx umN n’iwn 733 a 

E = -jj ■ —= 2000 V/m :Nin mni3n i>a mwi 
a 0.05 


3w nn’i» «> 1 cm » 1331 2000 V 3w rrr»i* w> 1 m 33 
3 cm Nin maipin i»a »3ixn pn-ianw inoa .20 V 
:1331 60 V Nin o>3N»xJoian wnan 
W =AE P = Uq = 60 5 10“ 6 = 310" 4 J 

: ' n Tina 

W = FX-Cosa = Eq-X-Cos45* = ^ qX-Cos45* 

X Cos45° = 3 cm :v livna 

w = ir§5 -510 6 °- 03 = 3 10-4 J 

n*3awnn n»3N»moia n»njN »tnan ait»»na :’a yina 
!"nau"n >vnan3 pn n3n , ua3n na tvt 3 nia»wn i>n 
: 1331 ('n in *a 3y aiw’na oxya N»n nnoinni) 
w =AEp = (V 2 - v,)-q = 60 5-10- 6 = 3-10" 4 J 


.3 


n > 3 >k ’if jviio n» a~ian »ai^»n 4.5 
n •» v>3 ’ p n* auni ti » botnn 


n’AUNnV, Nin 3N*xJoian na rrnpja nsbj q *ai*n ivoa -iwn3 
E P1 = qV, :N>n i3t> n»3awnn n’3N>mtnan 

V 2 mi> 71 m >3awm 3N>xJoian na rmpj3 nay3 iyoa3 in»j on 
E P2 = qV 2 :3 qanni iop»n i3w n»3awin n’3N»xiv>ian n’AUNn 

o»>Jix>n Jiini3 oiw i»nw iii»3a iroi’p n»iniN3 7 an n»JUNn anon 

.ronyan 3y o’3yiat) 
: i33i yiap Ji»3awm n»3N»xJuiani moj’pn nvAUNn 0130 
Epi + E K1 = E P2 + E K2 

qV-| + 0.5-im/! 2 = qV 2 + 0.5-mv 2 2 
q(Vi - V 2 ) =0.5-mv 2 2 - 0.5-mv! 2 



qU =0.5mv 2 2 - O.Snvj 2 (4.11) 


yj ’ii>n ivonw *iaa pa »avn ivona mnm n:?nnna iA«nan 
- tniaAb qinj iw’XAoian vj iynn ,iinAi> mi> bx’iooian 

n*n> >t>xniyn aa»xn 4.11 rmtma mi ,"n;>yn" >aio "i?aiA" win 
. »avn »i«n napna oa n»n* iai?i o»naon *iw rfraann aaain 

nV?n in aaniwn i iniaa .100 V >v nnn naiw mnib *jw i»a :mm 
bx’SJvnan 1>ya mi>n in aaniion iiaoplmi ,niaAn bx’SAoian bya 

.limn 

?»iwn nibn bx nnn anx 1>a y>A> ma»nn u>ni 

: 1 inna 

:mo3»p n’Aaixi? n»i>nwn jv1>x’XAOia n’Aaax roam iionaa .1 
mnnn E p = iio e k 
qU= 0.5mv 2 

1.6-10 1 9 100 = 0.5-1.67-10“ 27 •v p 2 
v p = 1.38-10 s m/sec 

:n’03»p n’AnjKb n*l»nwn n’i/x’XJOia n’Aaix lain iiaopi/xn oa .2 
qU= 0.5mv 2 

-1.6-10" 19 -(-100) = 0.5-9.110" 31 v e 2 
v e = 5.93-10 6 m/sec 

nnoiAb o»jain naana nnn n*i>ovn maxima n»Aaixi> qU nnoian 
maA !?x’:noian yA q >avn iyon .jvaaia ji’I/x’xaoio n’Aajx!? mgh 
• liaj naiAb miA naiAn nyA m nonw ina imj >x’iov>ia!? 

q <-> m 

U <->hg 

:nawn At»in irmna nanxc »aa »a 

U = EX <-> gh : lDi»l E <-> g 

.bawna .nonb iaai obia .o’p’pan i>v anx aio pa iAi> n’n np’Aaaa 
’Awa nyiAn n»nn o”^’^ o’jyoni o”ai’n o’jyon inon 
il?a»" o”i7»i»w o’jyoni "nonb iaa»" o»»ai»n o’Ayoa .o’liion 

."nbyni» 
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•>to »»t»>{3V)tan 4.6 

aaa ina) vaia *ina Tina »anwm fmmw mipn pnaa n»Kn 
lira ’bawnn aK’xioian oitt aaiK nt OKn .odk 3 nim (T>3ia 

!k 3 ?ooKb mitt vbian 
y»pwn3 -pax k 3« aaiK nt ook 3 mi« painn Tina rrrwn ok 
mt .nnipia rrripia iy*>a mayna >aa (raina ro i»k) miay 
-pax nimpm baa C»3nttnn nann" ik) 3K>xjoi9ntt nnaiK 
yiap man aK>xioi9n pain ainati K»n mpoani ,miw nvna 

. naiiin ay aK>xioioa mitti 
*ii*wn ok ttib »an«n rrr«« o»Kia ijojk 4.9 rmoua 
»ii»tt i»Kti -pa p»oJ oaKa mitt >anttnn mion ok . aK’xiopa 

.yiap Kin pai aK>xioi9a 
:*n*np3 proa a« ina mm amxioian ainaa Tina 

V = 59 

r .aiaan taann prnan Kin r atno 



(4.14 avx) 

Kg :mm aK’xioian n*ran ’Jd aK y»u atiKa 

v = R 

ia oi miw n»n> Kin yiap amxaoign aiaan Tina® iivaai 

.nt iny3 
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bio jvxpuao i>btn *ivra bt> bN>xiot9 b» rian m -pxj on 

:*T3 nNi* Ntn *>rnn onon pmnn 



bw iyon w* 5 cm ioi*n» vbtn ivn »jd by :Jtoavt 

bN’ioman inn .210 -9 C 
?*ivr>n b« faton to 2 cm nNxmn rmpja .1 

?TVT 0 n *390 2 cm ivrab xinn msnjn rmpja .2 


.nawn by bN’xiotDb mu iron -pra bN’xiotDn .1 ; tnna 


Kg = gjg j ^ j g^ x 350 v 
R 0.05 V 

.»n*npi tyon bw bN»siv>t9 toa Nin ivrab xinn bN’xivmn 
V . a . S J^-y* . 257.1 V 


.2 



DDN mivra no’bp by : noAVT 
bw tyoo o>nw 5 cm noi»*nw 
n»*ivra na’bp by .1-10 -8 C 
imranm 10 cm not»*nw miw 
-1'10 -8 C bw tyoo o»nw o>9mwn 
ntNin nvnpaa bN’*3*>i9n too 
R A = 2 cm - A .1 
Rg = 7 cm - B . 2 
Rq = 12 cm - C .3 
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-n-o ba m*nan iabi o**vrran -yina K»n A mipjn .1 : uina 

. *ii*ran na® by bN’xjoian ina N>n 


9 ID 9 

• 110- 9 

910 9 

-1-10“ 8 

( 

3.05 


0.1 

Xinni 

»jix»nn 

■man lira N»n ; 

9-10 9 

110-® 

9 10 9 

-1 10- 8 

< 

3.07 


0.1 


:o»-n*nn »j«b xmo N»n ' 

910 9 

•llO" 8 

9-10 9 

+ - 

-110-® 


= 900 V 


= 385.7 V 


0.12 


0.12 


= 0 


^ r r 

nn« bN’xioian on ,nii®m noiwa 7i’®’b®n nNxum bw mynwnn 
in®ba iyoo N’anb ’-n mils y>p®nb v - )* Nb® -min nr oanb 
onnan »iw o»n-ij xinanw N’n na*on .n-ripjn bN vioj’no 
omib *b>b®n ivonni »n»nn iy®nnw iii'an jyon non v»ad 
o»Jionan naon in® »bio»*j oioNb nan -am) .obmrn oanya 

.(D’jnopbNn taonb mi® 


npiNn 4 .7 


on*a .ini' iop ibw bN’xjoianpm» bi*n o*ion nxa ov*n® baa 
iabi /aioi’Na awni xiNn m-ra oi»m o”bownn o»a»ann bab 
-ii*td bN »n®ba rmpi innj on .oaNb mi® x*i>«i nib b® bN’xioian 
.npiNn Nbpi x*iNn iitab m>n .oaNb -pan* nb® bN'xjoian x*»«i 

:ia inion Nim 



(4.17 m»x) 
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*13 bw 3x»sioi3nti *tv o’lyon na**n n*rm puna i iyo vro ok 
n*nw iyoan !?» ia*oa »i3n o*iyoan nyiin iii»d .ook n»n» n*on 


.2 10“ 8 C iro ivona nnyo ID 
.20 cm noi»*nw 



:ni3*3pn *nt> 



(n*iix»nn ns*i>pn nsw t*vi 
Q' = -Q, = -2-ID" 8 C 


. mp-inn »13> rron *io 3y 

cm noi>rw n**ina no’^p trravvr 
n*iw d’titd no»^p it riD’bp!? a*aoa 
iyoan ina .npTHia n»iixnn n3»i>pn 
?miixnn ns»!?pn 3y -aoxaw 

*13 'yw A rmpia Sonoi : i nna 
mipia iJN’sivnsn .miisnn n3»3pn 
D3*i>pn »d o3H m»nb a»*n A 
V A = 0 .npiKia 


"tv o’^’sioisn oipo kid 3H*xioi3n 

-i 

n’B’isn ns*3p3 \ina K*n A mripm) 

: i»oni 


o*bK**{ioi 9 3 *ran apv o * i you nynn 4.8 , 


3ya »ioni R, = 5 cm oi»-n t*ya triKn o»3»3ia o*n*n »i« t*y 3anoi 
ona *ttik 3 a o*iyio . nta nt -riKa pirn o’Kxain r 2 = 10 cm oi»*n 

.Q 2 = 2-10 -9 C -i Q, = 510" 9 C ivoaa 



(4.19 n**) 
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?rnp» na .*T»bia vnna on»j»a o»aana idb ariNb 
bbAa oauw *bat>n bN’XJoia 1 naipia n»n *r»bian ©inn aia»n yna 

:n»n bN’jooian .R, aiaan bw Q 1 lyoan 


Vi 


KQ 1 9-10 9 5- IQ" 9 _ 
R, ' 0.05 


V 2 = 


_ KQz _ 9-10 9 • 2- IQ- 9 _ 


= 180 V 


R 2 0.1 

bN’xioian ia o»jy©a nyiin n’rm 


bK’XJOian n»n trmn nmnai 
: »i»n aiaan by 

o’bN’iooia baan ©»© iii»aa 
.T>aan bN»xjoian bN main 


?o»iyoa b« rwun n>rm >na tv 


»aa .o’jyaa bw ii>u®b ay nyiin n»nn» aiwnb N»n nxiaj my© 
ni’iaai o»ii© o»nai »bya o’B ’ba»a »i© by banoi myon to i>anb 

.DD»i»a rnai nui© o>a 



(4.20 avs) 

?mat’ on ’nn ay ,ontb o’ab in»J on 
o’ban >i\ya o’an nau® ay NbN o>an nviaa iin©»© ay Nb *xam 

.miB n»n’ 


1 viiwb ay n*nn o’jyoan ronm !o»aiaaa oa naip naan iniN 
.o’bN’iooian ii»n®b ay naaiN TOt "’ba©nn nann" 



r 2 *vmn byi Q 1 * ivon nnsn by n»n» o’bx’SJoion p*iiw mxb 

.Q 2 ' poa 

: pbi niimmb bib* xb D'HTm byw iy©an bo to 
(1) Q, ♦ Q 2 = Q,' ♦ Q 2 * 

,o»*n*on »jw by o»bx»XJ05D pmiw v*v o»yn* Unix p lab 


( 2 ) 


KQtl 

R i 


KQ,' 

R 2 


: pbl 


:((2) nxiiwaa K nx osaxii) mxnonn »ma 

5- 1CT 9 + 2 10- 9 = Q,' ♦ Q 2 ’ 

Q< ' Q,' 

0.05 0.1 

Q, ' = 2.33- 10" 9 C tbapa mxviwan »irom 

Q 2 ’ = 4.67 10- 9 C 


by Tnxn n*on bt> nyawn nn»n *ma bi*TJ n»n xb o’-vmn >sv pa pman ox 

. >j«n T»Tja bx’jooian 
.nt bw itpnaa nt 1 n o’pnna 4.19 *n’xa o’-nxwi >ivv n»jj 
,*iaw»nb i»»*ry a”n o»jyoan p»nw >d amnio iod nxmn (1) nmnin 

kq; kq 2 ' kq; kq/ - m,wn {2) mtm 


R, 


X - R, 


R. 


X - R, 


(2) 

K ’ 0.05 0.95 

Q/ = 2.26-10 -9 C 
Q/ = 4.74-10' 9 C 



:a»JO 

:bapi mKiiwan >m>a 
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pian 00*0 
:un3»n«< D>rmn o’jwinn 


swt in 

m*pn» 

)B»on 

aw ion 

rwanb ntnvm n-navn 

tmxq'p v>oj’Na rcnvnn 

. >n3un 

J 

E P 

mlw’Sioia n* aian 

n»^nwn 

ntrn-m rmavn mao 

)wn rn»n» iwinb 

.rmpjt> T»oi*>ta 

V 

V 

bN»20019 

mm .o»t?R’SJoi9 tnan 

n*nyni> ntn-rm rrmyn 

»jiw i ivon rrr>n 5 

.m*npi 

V 

U 

nnn 


: iJia’nw mw-rnn mnoun 


Kq^ 



U = Ed 


W = qV 


E p = qV 


o’jyon >3v 'pv mbnwn n»bN’2noio n»niN 

:mn nr R pnina 

: »n*r>pj ivon 'pv ^N’sioian 

i»3 (o’bx’siman tnan) nrtitft 

:rmpjb t»oj»k» iyv>n iwina n»A~»Jx 

:mipia n»i>R’XJOia nunx 


n*j*UKn mi*® 1 ) mbnwnn rmavn 
W A __> B =AE P * q- (v@ - V A ) = qU .mbnwnn n’bN’Xitnan 

n’bR’jooia n’jnjx »ai>»n 
qU = q(V 2 - V,") = 0.5-mv] 2 - 0.5mv 2 2 .moi’p n»A*UNi m>m>n 



:^N*sjma »u*tn ’boon rmi )>3 twpn 




79 


maxti 

1 x nan 

4-10~ 8 C a« o’jyoa *iw ati m an w n n n»ax>xA©A3n n*AaAxn »na .x .1 

?nrn nt In pnnaa o»xsaAn 
70.5 m pmna o»jyoan aAn»pa num mi. • naa .a 
3 o*xxaj 20 cm Aya* inAxc myas nnv waA»a >"Tip-np nwAawa .2 

. (4.21 aA»s) o’jyon 


q 2 = 4-IQ' 6 C 



(4.21 avs) 

?naayan aw n»aawnn n»ax’XADADn n’Aajxn »na . x 

pma nprvnan A rmpm ax q 2 iyoan nxana nwAaa muy naa .a 

?q 3 -i q! -a nm 

D’Anjxn »nn .q iyoa xxaa a Aya* inAxw yA3>a aw A’aApaAp nyaaxa .3 

?nanyan aw maawnn n’ax’xjvnon 
.10 V aw ax’SJOAD w> na»Aoa naApja .4 
?Af naApAa <iAOJ»xn iyoa na>n» x»ana nwAaa mAay naa .x 

?a t mApoa ^AOA’xa 3-10“ 6 C aw iyoa x>ana nwAaa mAay nna .a 

n-npia At mApja 310 -6 C 'yv iyoa x>ana nwAaa mAay naa .a 

715 V na ax>xioAonw 

mApja At mApja -210" 6 C 'yv ivaa x’ana nwAaa mAay naa .a 

75 v na ax’sivmnw 

75-10 -6 C 'yv »naApj iyoaa 40 cm pnaaa axAiw ax’xioAan Ana .x .5 

? a t naApia *iAoi»xa 2 10“ 6 C 'yv iyoa nxana nwAaa mAay naa .a 

mApja a t naApsa -110 -6 C 'yv iyoa mayna nwAaa naAay naa .a 

7’naApm iyoan in 50 cm npmoan 
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nt 1 m o*xxaan q 2 = -4-30 -6 c q, = 3-30 -6 C o’jyoa >aw n»aana .6 



(4.22 m»s) 


?C-n B ,A maapaa bx>xaoaan ana .x 
naapab B naapaa 410 -8 C bw jyoa naaynb ntnrm naaayn >na .a 

?C 

naapab c naapaa -2lo -8 C bw iyoa maynb nwaaan naaayn »na .a 

?A 

.o»ayoa o»xxaa 30 cm aybx qaaxw yaa>a bw a*aapaapa nwabwa .7 



aapaapn bx yaa>nn tanaa ayiaa na>n» maynb wnn rmay naa .x 

?>y»aan 

bx yaa»an ramn 21£T 6 C bw iyoa maynb nwaaa mi ay naa .a 

?>y»ann aapaapn 

.50 V bw o>bx»xaoaD baan w> mnib >aw i>a .8 
in aaayn 210 -6 C bw iaroa aaxn mbx’xaoaa n>anax naa .x 

?*raaan bx main bx’xaoaan 
?aayaa lanaan ton n»oa*p n»aaax naa .a 
20 V bw o>bx»saoaa baan w» 10 cm on>j’a pnaanw mnib »aw i»a .9 
.(4.24 aa>x) non »aba xan »bawnn mwn iaa>aa 
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?*wii’ maA bx’iooiaa nxxni b-ia nmpinn it»x .x 

?*vn» mu bx’moiaa nxxnA D -) c nmpAnn it»x .a 

?im> mu bx’iooiaa nxxnj F -i D nnipinn it»x .a 

?Udf o’bx’Sioian baan inn .a 

?10 -6 c bo iiwn a»aynb mm naiay nna .n 

.D -b C -n .1 

.F -b D -n .2 

.F -b C -n .3 

E 


E?- 

(4.24 avx) 


10cm 


C 


1 


2cm 


.10 V bo bx’SJOia naino naipAai 20 V bo bx’SAOia top ion rrnpAa 
it»xa .main bx’SAoiaa 50 gr b o noni 10 -6 C bo iyon o»mnon 

?-pn3n bx’xioian bx y*A» mvnn 
.3000 V 'yv O’bX’SiOia oaana \xm iiaopbx 
?1iaopbxn aa’x n»bnon n»bx’X3oia dmun nna . x 

?bix*Aa .1 

?obii-iiaopbxa .2 
?1 nopbxn bapno nia’nnn »nn .a 


on» n»n» rm .o’bx’sjoia oaan mixa o’xxin ino>m iiona 

?ri’aion on’m»n»nn 

bx’moian in aanion iiaopbx .u o’bx’sioia oaan o’ mmb »io i*a 

.niaAn bx’iooian in iioiaai -pnin 
o’aaxno nvbnonn ni’bx’SAoian m’Aaixn i»a on»n inn .n 

? 1 iaopbxm iioiaan 

?ni’3ion on’Jii’in’nn i*a on»n inn .a 
'yv rrnav noiy 30 gr 'yv noni 3- 30" 3 C 'yv ivon by byainn na 
oaan inn .100 m/sec bo ma»nnb munn y»An *)iAni ,100 J 
?npoarm naipji nan nbiya nb»nn naipj i»a o’bx’xjoian 
.10 -5 C -a 1 iyo 10 cm ioi»tio i»bm ana 


.10 


.11 


.12 


.13 


.14 


pnma ’bnonn naon inn 
?taannn 5 cm .1 

?taannn 15 cm .2 


.K 


.15 
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pnaaa bx’*3oian inn .a 

? raaana 5 cm , .1 

?raaana 15 cm .2 

*a nan 

100 V xin bx’sjoian 10 cm 101 »anfl -pbia aiaa ranaa r pnaaa .16 

.400 V/m ’bawnn nawni 
?ninan ranaa naip^n pma ina .x 

?niaan ivoa ina .a 

?ninan by iyv>an ma’aa »na .x 

.*T’n« ’bawi Tiro nniw 5 cm in»i*a pnnanw mmb >xv i»a .17 



(4.25 D'K) 


bw x‘n B'naipib A naipja 2-10" 6 C b« *bawn ivoa nnayna srnayn 

.0.5 J 

(livai baiA) ?mmbn i»a >baww nawn ina .x 
?mnibn )»a o»bx*ajoian baan ina .3 
.v mn»na bapa u o’bx’SAOia tnana xxian q iyoa .18 
?2U bw o’bx’jfjoia waana xxi* dx q ivoan bap’ nia’na ir»x .x 

?U bw o’bx’xioia waana xxi» ox 2q ivon bap» ma»na ir*x .a 

»jw 7 ’bia aiaa .10~ 6 C bw ivuaa iivu 10 cm lovaav *r»bia aiaa .19 

. 210 -6 C bw ivoaa iiyo 5 cm 101 ’aaw 
»jwn aiaan »iab anxn aiaan »ad i»a o’bx’SAoian baan ina .x 

: nwxa 

.nra nr axa o’pina o’aiaan .1 
.nra nr 0.5 m pnaaa o’niaan *rana .2 
biajn aiaan »iaa 510 -6 C bw iyoa naayna n«mn naiay naa .a 

?o»apana anx baa iupn aiaan »ad bx 





100 gr >jwn nom 6-10” 6 C nyoai 50 gr anxn nonw o»ana »aw .20 

na .omnmm ,ma min pmna nmiaa o>xxaj 510 -6 C nyoai 
?nta nr 2 m pnaaa i»n»wa ona nnx aa mvna n’nn 
yiap ommx pyaia n>n»rn aapna 0.5 Mev iaw nnaixnw a p»pan .21 

.o»jno»n 146 -i o'JKina 92 a>ann inipaa 

?a -n p’pan y»A» i»ax »aa»A’nn pnaan n»n> na .x 

?pyaAn ia 1 cm pnaaa n»n>wa imvna n>nn na .a 

pnaaa xxai ) nopaxwa ia*an oioxa w» nnaix naa .n .22 

. poiaan ia 0.53-10 -10 m 

.aix'Aa .1 
. oaii-paopaxa .2 

aw pnaaa i nopaxn nx pmana »na y’pwna pas n>mx naa .a 

(oaii ) nopaxa) ?) ioiaan ^a 2.12 lo ~ 10 m 
pnaaa i nopaxn nx p’nana »-ra y'pwnb -pas n>nix naa .a 

(oaii i nopaxa) ?»oioa»x 

air>xa pi pno tvt mini 1D00 V aw o’axnAoia wnana xxia i nopax .23 
. inynn iii*aa 100 V/m aw n*nx >aawn rnw iai 



?im> maA axmoiaa nxxaA (2) ix (1) nmpina it>x .x 
?»aawnn rrrwn "jina 1 m n»n»wa i nopaxn mrna n»nn na .a 

? i nopaxn asy> pnaa nr*x anxa .a 
1 »aa i nopaxn a*y» na nmpin pa o>ax’xjoion wnan ina .n 

.(2) mipj 

.V ax’aaoia nnx aaai q iyoaa nnx aa nmyo o»a ma»o 1000 . 24 
aw ax’xioian ina . ivoa ma»x xaa nanA nnx na»oa niaanna nia’on 

?nanAn na’on 

-pax i»aia a»n >" y mm 310 -6 C nyoai 20 cm lomaw ina .25 
aa ay i oan n»n» na .-110 -6 C nyoai 10 cm lonnw nw anaa 

?ma>nn anxa ana 



.26 


30 cm ioi»*nw -ivtdi ,510 -6 C 'ro )wn i»ayi 10 cm ioi»*rw *ii*ra 
.nt aw itanaa nt 1 m pnma q»kxbj ,310 -6 C aw iy\sa vayi 
?renyan aw n>a*i’xioian n>A-uxn »na .n 
pmaa ojiik o>i»tna *p mxi yAaa ty o>nian m o>npn .a 
?nwmn maN>*joion n*njxn >na .o-npn 
ina . 10 -12 C/m 2 aw iyoa ma»asa iyoA 5 cm ioi»*nw vain naa .27 

:nixan imipn »anwrm ax>sioian 
.“naan taann 2 cm nxsnjn A rrripA .x 

.*ii*ran taann 7 cm nxsajn B rmpj .a 

?A mripja B rmpja 10" 9 C aw iywn mayna nwin rrriay nna . a 
aw iyoa Jii9*axa njiyo 30 cm noi»*nw na»ain rnnaa nawya .28 
miyo 20 cm novnw n»Jw na’ain n»H”T3 naoyn .210 -12 C/m 2 
-.nixan niaipja ax’xjoian inn .-4- 10” 12 C/m 2 aw ivaa nia»axa 

R A = 5 cm A n-npj .x 

r b = 15 cm b rmpj .a 

Re = 25 cm c rmpj . a 



(4.27 iva) 


tanna , ia a»aoa .410 -8 C aw iywna iitoj 4 cm iwvnw pain lit) .29 
.pnxin own iran .6 cm iwvnw »jw vain nt) w» .initra 

.pnxinn -man ay ivonn Ana .x 
?»n»jan man naw by ax’xjoian ina .a 
?o’*inan taann 5 cm pmaa ax’xjwian ina . a 

?o>*n*Tan tannn ID cm pmaa ax»*J»ian ina .*t 



(4.28 n»x) 



»jw T>aia tita 4- 10 -8 C aw iiroaa iyoi 6 cm itmttw -pain tita .30 
.ptKia *a*jan titan .iiwxtn iran Tina N*ni 4 cm iwi’ttw 

?»a»aan titan ay iyaan ina .k 
?» jis»nn Titan now ay ax’sioian ina .a 
?o»tnan rataa 2 cm ntipia axmoian ina .i 

?o’titan tataa 10 cm npnitan ntipia anmoian ina .t 

nawa .-1-10 -6 C aw ivoa N»ana »ta y»pwna -pts rmay naa .n 

?»n*ian titan nawa *iis»nn titan 



(4.29 tvs) 

ovtt .nnyo na»am n»tita naoyaa ina am pntaa ttniwa iiiwpax .31 

.q nvoai a titan 

titan »iaa b pntaa y»ia xinwa ntopaxn nivna »nn . x 

it ■ ?(A rrnpi) 

»na .titan na»apa tin ttt iiiwpaxn i»wan titan >iaa iy»ina .a 
?(B ntipi) titan *iaa b pntaa xmwa imt»na 



(4.30 tvs) 

.q ivoa w» a nyas tiixw n»aip aw n»tiptip nuawa 
?n»aipn tataa ax»siwian ina .x 
tataa tioi *kb q-| iywa x>ana »ta y»pwna *r’ts ntiay naa .a 


?n»aipn 


.32 
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niaiwn 


o=2.2 10“ 8 C/a 2 

. j 


E 

=1.44 10" 5 J 

. N 

.1 

E-l.25-10 7 N/C 

.M 

.17 

W 

=1.44-10" 5 J 

.a 


*, U= 6.25- 10 s V 

.a 


W=0 . 18 J . 

a W=0.09 J 

. K 

.2 

v'=/2v .a v’=/2v 

.N 

.18 


W=5. 

4^31 

a 

.3 

AV=2.7 10 s V 

. M 

.19 

W-3-10" 5 J . 

a W=10 J 

. X 

.4 

AV’=2.45 30 5 V 



i 

W=1.510“ 5 J 

. A 


W 2 =1.225 J =1.35 J 

.a 



W=1 lO" 5 J 

.-r 


v 2 =-0.95 m/sec vi=1.9 m/ 

sec 

.20 

V 

=1.125 10 5 V 

. X 

.5 

R=5.3 10~ 13 m 

.M 

.21 

W-0.0225 J . 

A W=0 . 225 J 

.a 


v=4.89-10 6 m/sec 

.a 


V a =-18,000 V 

. X 

.6 

>E=10.18 eV .a E=-13.58 eV 

. K 

.22 

V b =-54,000 V 



AE=13.58 eV 

. 1 



V c =-33,835 V 



2 n-npi 

. K 

.23 

W B __ >C = 8 10- 4 J 

.a 


v=l. 78- ID 7 m/sec 

.a 


n 

< 

A 

1 

1 

£ 

-3.17 ID” 4 J 

. A 


V=1000 V .1 X=K) a 

.X 


w ■ 

-5.46 10 4 1 

.X 

.7 

V'=100 V 

.24 


W=-0.11 J 

.a 


q, '=1.3310“ 

6 C 

.25 

E p =-1 10- 4 J 

. X 

.8 

q 2 '=0.67 10" 

6 C 



E|<=1-ID -4 J 

.a 


E=0.108 J .a E=0.135 J 

. N 

.26 

- ? r •. 

A TrnpJ 

.N 

.9 

V=5.65 lO" 3 V 

• H 

.27 

bx’aaman imx 

.a 


V=4.04 IQ -3 V 

.a 


Odf* 4 v 

.-r D rmpj 

. A 


W=1.61-10" 12 J 

. X 


W=-4 lO- 6 J 

.2 0 .1 

.n 


V B =-0.075 V V A =-0.0679 V 

.28 

W=- 

4 10" 6 J .3 



V c =-0.063 V 



v=0.02 ■ 

i/sec 

.10 

V=3000 V .a Q 2 =-4- ID -8 C 

.H 

.29 

AE p -^1.610-wj AE p =-lOOO eV 

.X 

.11 

V=0 .1 V=1200V 

. X 


v=1.87-10 7 m/sec 

.a 


, x Q, =-2.67-ID" 8 C 

. N 

.30 


V 

D _ 





- 

--J1 

.12 





v D 


V=0 . A V=2000 V 

.a 


v» 

m n 

-A 1 

m e 



W= 2 10-3 J .n V=1197 V 

. *T 


e i 

v O 

.K 

.13 

v r J 2kq B q 


.31 


U=1.67 ■ 10 4 V 

.14 

V»e(a ♦ b) 

• H 

E2-410 6 N/C 

E-| =0 

.K 

.15 


.a 


V 2 =610 5 V 

V, =9 10 5 V 

.3 


V “e a 






W=9.24 ??aai .a V=9.24^ 

a a 




r=0.25 m 

.K 

.16 

.K 

.32 

q=2.8-10 -9 C 

.a 




toiO. 


matwn 


F= 0.675 N .1 
F A = 0.36 N F b = 4 . 51 Q " 2 N .2 

X= 0.264 m .3 

F-l. 28 - 10" 3 N .4 


F= 0.14 N .5 

1103 >X 111*33 F=l. 25 N .N .6 

yi 3 »m 


11033 K 111*33 F=l. 2 N .3 

yi 3 »m 

q 1 = 6 . 66 - 10~ 6 C .7 
q 2 = 3 . 33 - 10~ 6 C 
F= 9.2 10-’ 0 N .8 
F= 8 . 2 - 10~ 8 N .x .9 
a= 910 22 m/sec 2 .3 
2.18 10 6 m/sec .A 
4 . 1 -ID 16 rad/sec 

n e = 5.38 ID 10 .10 
q=l. 25 - 10“ 7 C .11 

q=(X + 2 L Sina)- <12 

92 

—= 0.957 .13 
9 i 



.14 


92 

—=1 

9 i 


.15 


2 Kqq'a 2 


.nf 3 iyv>a i*K .16 
2 K-q-q'-a .K .17 


2 IS 


•m 


is 


f = 


2k 


16 -Kg-q' 
d 3 m 


>bxrc?nn rmm - 3 pna 


mwn Awm — k i go 3.1 


o’ton m non bo .i*39b anp nxxaan naapa bya xaxn aaao by bonoa 
.xnxn ilia toon ’Dbo mg CD o» Aon at naapao 



noan oxa (1 kg) noa m»n» O’Aono non mao nx non a g notyn 
.F=mg :non nx bnpaa m noan nanon b»aoa ona> mop ax ana* nbaaa 
*n*ra naxsn’n by mamoaaa’X na o» nn’aon naapan noa i>xoo da 
bao» g o’pnonnoo box mnwa aa*x g xonh o’aaopoo . xoxn 

oAi baaa oa) onoa xny g -b o> naapaa naapa boa .naanonb 
o’xoap ron atnna na mipaa »abnn "py o’ g -bo nanayb .(iaa»o 
.na’aa mo o’xoap anaon ro bban ooaan naob .mo 
oxo o’yaa* aanax ,q iyoa xxaa x’nobo naapaa ooxo ioax imxa 
nxt .no o» ao> ntn iyonn q' >ao iyoa q na’aoa nonx naapaa o’oa 
,q* nx aanano »aab aay n»xaaaaa»x o’ q' naa» nao naapaao naaax 
.no n»n» - iyoa o»oa :naapaa naapa bon nxxaa at n»xaaaaa»xa 
boa o»o n’xaaaaa’xn xan »bnon nao .’bnon nao o» ?oaap o* naa 
bo xoaan xana ,aaaa»oa ron ptan »aab n’xnoaoa’x .naapaa naapa 

.nr poa 


»jaa-apa a vvao b?u» »^avann ra~rvan 3.2 

iyoa .(3.2 oa»x) aaaa r pnaaa nxxnan naapa bya q iyoa by bonoa 

:-b naaon no o’ao’ ar naapaa naa>o q. 


F = 


kqq, 

r 2 



*2 



{3.2 tvs) 

ns!? »io»ann*nq 2 ">™< ivoa q, iyoan oipaa o*a»*a ii»»n on 
.q, -a oipaa q 2 -a 333 ia n*n Kq/r 2 yiapn on Am ninoa 
. mipia mvo iyoaa *i3n ia*n Kq/r 2 3 iiao 
q iyoaa pi n»i3n N»ni q 1 iyoan nmn »J33 n»*aii3J*Nn rm 
mvo (1 C) *T»n> iyoa o*ai*o ran na maiN N*n . uaa r pmaai 
. ir maaa 3*33A ini' mop in n!>nj maaa iyoa nn> on .niipja 

. »3aonn man int 


qi = 1 


E = 


tin i*vo q iyoaa pi »i3n mon . >rmpj iyoa 3o *3aonn man inr 
n*n> man nnr prnan niN*ajn mnpjn 333 . uaa r pmaai man 

. i3iua nna 
?man iiva mm 

mvo >avn iyoa i»3n yu»o iivon Nin *3aonn mon iiva 
>3»3o iyoa .0313 3y naaoia 3in n>nnna no3nn 'nn . mi pi a 
iyoa 3o »3aonn man qa oioa Inion iiva3 qian iivaa yu* 
»3*3o iyoa 3o »3aonn mono mio {3.3 A iv*) tint* »avn 

. (3.3 B nva) 


. iyoa m*n* 3y 3yian non - *3aon mo 
.E niN3 *3aon mo inoj 
: a*xj iyoa m*n* 3y 3yian nan on aon3 *13 


(3.1) 


:3ap3 *13 



26 



(3.3 B -n>x) (3.3 A ivs) 

»baonn irren m-r*n» ivon jrr»n» o»nao ron win >baon moo iivaa 
libip to 5 N/C boab Kin nanon rrnpia mm *iok3 .N/C i»n» 

.5 N bo ro o»j*>» »baonn mob oi3»o 
bo niton dido Kin ixiio mon ,mo *rei>n idk ivoaa *ini» o> -iok3 
!»nopn oi3o into natb aion .o’jyoana 3r»K to 

1 m pmaa o>K*ai 10 pC bo *iom 5 pC bo inKn o’jyoa »io : naAi~r 

♦baonn rrron ina .(3.4 nvx) nta nt 
?(A rnipj) o’jyoan »ioa 0.5 ■ pmaa .k 
?(B mipj) o’Jvoan »joa 1 m pmaa .a 


5(ic 


B 


lm 










(3.4 n»x) 

:Kin it mipia 5 pC bo ivoan ia mon :A mipia b»nm : 1 ima 
Kq 9-10 9 -5-10- 6 

^ ^ ' “To^p- 


1.8-10 s N/C 






:10 pC t>w lyonn ini 


a ■ 9 r. ^ ■ 3 . 610 » 


livnw iiv 28 i o»»ai»n o’jyonn *ivv iii’nn .*TAim nifwn iivd 
rrro to n»n» *m*n iyv>n i*t>K yu»w iiion Kin »t>nwnn mwn 
.(3.5 *ivx) iniK *ix»t> iyv>nn in pnmnn iiioa 



5 jic lOjxc 


(3.5 n>s) 


: iDt? n»n» topwn mwn 


E a - Eg ♦ E 10 * 1.8 10 6 - 3.6-ID 5 * -1.8 ID 5 N/C 

,nt>Knio ij 11 »3i 1.8-10 5 N/C Kin bipwn ’towin rrmn y-riA 

:n»n» mwn ton :B rmpia 

9 10 9 5 Ifl- 6 

Eg , -p- . 4.5 10 4 N/C 

9-10 9 • 10-10~ 6 

Ei o - -p- - 910 4 N/C 

.(3.6 -n»s) >nopii n»n* i»toy *iia»nn 



y 


(3.6 n*x) 









E x = E s Cos60* - E, 0 •Cos60° = -2.2510 4 N/C 

Ey = Eg•Sin60° ♦ E 10 Sin60* = 1.1710 5 N/C 
E = J E x z + Ey 2 = 1.19-10 5 N/C 

tga = ~ = -5.2 

fc x 

a = 100*54' 


»‘pawn nj •> * bnan n~TU» i ~>\upn 3.3 


ok .»ni*n ivoa m’n> nv i>vi3W ran Kin ’bawn mw id ii'Kn 
nt 10 N/C inaxiyw »nawn raw nnini> w> o»ioa -m»K3 

?w’n» Kin ra nt’K .4 C bw ivon o>mi 
ra w’iv ivoan ini?i (rawn niyawa mi) 10 N nw ra w»na 1 C » 

.40 N bB 

ran E »nawn raw inw mt»K> q ivoa o»o»ma nw»o , >bi?n isiKn 

:Kin q ivoan w»n>w 

F = q-E (3.2) 


.»nawn rab »bawn raw i»n mwpan n»t»>nn rmoun »nn 
.N/C in »i>awnn rawn >v ni*T»n»n vna ran o’Kn (3.2) nnoun 
q ivoan binnni 3.2 nnoii> 3.1 nnou i»n rannn jik 1 >nnb mwn 

.niKnoun ’iwn y>aian 


ivoa *"v »nawn raw nrax»t> n>o»onn minn jik mxnn 3.1 nnou 
ret nnvn ivoan Kin 3.1 rmoun monn y»aian q ivoan .q »mipi 

f s (_ 

. rawn 

rawn . >i>nwn rawn Knaiw q ivoa w»naw ran jin mxna 3.2 nnou 
nnounw q ivoan .o»ivoa nan *"v ik ton ivoa *"v miram mn> 
.ran ny 13 ranvw ivoan ,rawn jik "w»i*iaw" iyoan Kin 3.2 


nmipn nail in nwin nbw > nawnn rawnw o» ivoan nmva mini maun 




?A irnpjn xsa»w l-lfl~ 6 C 'tv ivon won*# nan ina 



5- ID" 6 C A lD lO -6 C 


.nbxaw 1.8-ID 5 N/C :xini nanipn naAna liaw’n rrrwn nx : i inna 
F = q-E = llfT 6 - 1.8 10 5 = 0.18 N nnbl 

in on n»n» iOy ron iiio »ai»n xin two'? coin# lyoanw iivna 
n»n xin >!>'>« iy*>a A rmpAi* oAmn n*m rrpaa .nbxaw inin nnwn 

.m*n» ro w» Ana 


pika pin 3.4 


»mopn oin*o mw? -pns o*jyoa 'tv «)oix 'tv Oawn nnw yon'r *73 
naoaw iii»aa nixa map nnnn o»a v$r .ooyonn 'to 'tv mn\an 'to 'tv 
. Iiyo nowa ix iiyo itoa tan ,oixy xin ooyoan 
.oixa pina maanwa x*m nbx o»np»aa Oawn m» niw»ni> no»w na»*p 
m wanwj omx 3ax *nxa iaioa xin '' t’to loixn nr pina wia*wn 

.*rxa oiwa xin onnw o*a»ion o»npaa 
o»npa » sv 'tv Iojioa oixa pin *mnxa naiyn ivynn nx i>nni> »na 
mwi nnx iyoa w» o»npan own (3.7 B nvxi 3.7 A m*n) can 

.in»noa Onwn 




a*aon n-ra naoya misa n*3i»at naoya *ns»i ok .q 2 > q 1 -o n»jj 
nnoa a-ran n»n> , oi»*nn mixa niaoynn *no ,o>jyonnn mx aaa 
»anonn mono x»n na»on . ompana Tnx aaa iron naoya ayo »anonn 
a*rann nr tnpoa . una pmna oji q ivonn ox * ian »mip3 ivon a« 

.o»jyona xin 

aaa »a .naoyan ay rrnpj aa ay nno n»n> men ,-naja iro aaa 
aw noon nx iapj ox .nnv rrron nno q jyonn in in»pnmo mnpin 
ao naaaan (o»*inan *3«a nr mpaa nno x»ni) S -a iron naoya 

:nno n»nn xa nooa »aaorm nnon 

E 2 S 2 ) E|Sf (S, * S 2 ) 

.*ini» nam E-S naaaan mi» am mon nx -rano iyonno aaa 

*Tinao ivonn nx E-S naaaan mrya xixna in*3o iyio oixi pm 
.naoyan avo E mon nx q iyonn mrya i >aia»na ix naoyan 
.4*K x»n E-S -a q i»a nopno mxnanan yiap 

4nK-q » E-S (3.3) 

.-rnx »mipi iyoa ao naian mpan >aaa 3.3 nnon nx pi*raj 
:niaa naoya »niro iman .S -a *pyn nx am 

S = 4nr 2 

4nrK-q = E-4nr 2 :aapj 

Kq : mo inn naionn nx aapj 4xr oixnx mxai 

E = 2 

r 2 

*r»a) onnoj lao nionn xm (3.3) ao n*ma oixj pin ao nionn 
. »aaan mo*an xa xin nr nio»j aax (niaon nixain naa nnaj 

•yaixai nno n»n E ao -pyn naoyan aa ayo maiyn nx naan 
(3.8 n*s) , »noaa naoya nnaa o»aia» n>>n »aaa iaixa .naoyaa 
mi (noaxn aaa noioa naoya mai -nam ,ia mova naro o»o xa) 
nooa Ei. K nooaa *pixnn mon a»an nx a»aana o>o>is n’>n yop aaa 
aaa .u>yopn aa ao nixsinn nx nanai xsv xin nnnoAS K iopn 
n»rm aapao nxmnn mi» aro n»n» naoyan nx paroo o*pann naono 

. mv np»>i“fa 
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Ej 


4nK q = EEx« AS K (3.4) 


:N’n n>bban nnoiin 


"P owb .oixj pinb oiwa mo' 1 x»nw 3.3 nnoiia fan wnnwi unix 

.aiw»nb o»xnn nown n-vna by *r>3pnb n»by 
:niw>-rr >nw o»»pb a>»n »oiNjn nowon 

:w mmx jin? . ib p»wn ix ib *tiino nownn tit xsvn n*rwn .1 

Ex = E ix Ex = 0 

nnw ,ELl » E inaw nownn by nnipjn baa ,»bnwnn mwn .2 

. ibma 

Tmn H’siii (1 >xjn bbia) E iwEi oipna a>xi 3.4 mono rxi 
: iabi ibia nown inn onopn o>nown ba mao 

SExkSk * E' ES|< = E' S 

.3.3 rmoiib may 3.4 rmonni 

»aioa »k b»n bw »bnionn rrrwn 3.4.1 


nia’asa iiyow »3ioi»K b’nn r pmna »bnwnn mwn nx awnj 
nn>n>ni *pix m>n» baa ivonn mna m nxnn X . X ^ ivon 

.(3.9 A T 1 »x) C/m in ibw 




(3.9 A nvx) 

ow3 o»wj .’bnwnn mtin pio inn aiwnb nou i vmo alowa 
liyo i»nnw iivan .3»nn in r pnma »jvn*r »avn iyon id 
in oana naion iiva iaai 3»nn in iy©nn nrn’ J »avn iyona 
:n*n* (3.9 B *ivx) nbyn^n oanai (3.9 C ->vx) -ran 

\/ 

--©-- 

/\ 

(3.9 B 11>x) 

Ki> taina) 3»nn in pbn naina 3»anio naovn *inaj *aw abioa 
na>om 3’bA rrma n>nn naoynn . (>diovn Nin »a ibia tin 
N in ivnn nxvw >3nwnn mwnw N»n na>on nxn nation io'? 
Ntn niiio ivnnn ipnmv nvripAai,S>»nn iivaa *TJiNn iivaa 

. nuw nnmya 

o»jm UN nat* mipjn Ninv r oima ouia un naoynn jin 

. n*n>n jin aionb 

naoynn >-t>x i?anv it van (3.3) nnoub room (3.4) nnoun 
.naoynn ba i?y nn\o Ntnt "piNna nxv Ntn mwn nsv innto 
4nKq = ES (3.3) :l^^a 

»jw n 33 3’1un naoyn now Ntn mvon nxi> unnio noion 
.»mn**w Nin h 3’iun nau .o’o’oan 



(3.9 C nvs) 








(!iwnna osnoxna a»»n Kin *ni*i>*>w a*m innaw yjna) 
S = 2nrh 

q = \h :iaa Kin naoynn Tina Kiaaw iyonn 

:nvna naain nnoijni 

»io»an dk aapn (osnoxn h naun) 
»aioi*K a»nn r pnma »anwnn 


4nK>h « E-2nrh 



♦aio3»K ma *^»V3 > bnmin n*twn 3.4.2 


0.(3.ID *ivx )0 iyon nia»axa iiyon »aio3»K nia ay aanoi 
K»n o -rrn*n naw m>n»n .now m»n»a iyonn mna dk anna 
.man in h npnnnn mipia »anwnn mon dk awm .c/m 2 iaa 

(!’nn»*iw 13 »k h cyan) 



(3.10 avs) 

owa Q’W3 . *anwnn man in»a inn aiwna no33 iiwa aawa 
liyo nianw iivan .man in h pnana »avn >jvna iyon aa 
iaa n»n> man iiva .nian in iyonn nm» »avn iyona 

: (3.11 ai>s) .maa -piMn 
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q = nr 2 o 

4*K *r 2 o = E- 2xr 2 :i>api> »TJ 3>si 

m* ijn»* *int»nn mwn , ixani 
E = 2nK0 (3.6) :Hin *sioj>k 

!osno*n h oj t»aK , > isn oxnoxn >mTiu ima Kinw r 
h pnina '?'n »ibn u»h imiw ’bncnn n-rwn .ny»riDn nHSinn 
nownnio maiya nmyj na*qn) t »sioj »xn mbn in mipjn iw 
nt’Kai pmn nr»N3 mvn H'y .i*nK »!?nwi irw mt j(»dioj»k 
» 3ioi»K mt> i»3 mnt»a n-rtm .nn« -r»nn rrron o’kxoj rmpo 
.mi ioa ni«»n ivoan ma’ss b!?ia pa *m»< 

nini 1 ? »at> i »a »j>»«nn n~rwn 3.4.3 

rrrwn oj i>nK mu Kin »31oj»k nib bw >bnwin m»n dk 
n»n» o*»31oj»k mmi »j« niKxn»nn nKxiro Dii'ii bipwn 

.n»nK 

liyo »i»ni a ivon ma’axa iiyo *mKn ,mnib by banoi 
i»n* mmin »iww nain i»k) .(3.13 ivs) -o ivon ma’ssa 
(.nmvr pi »mt .roian ivon ms’aaa o»aiyo 



(3.13 ii»x) 

n»xaa mv >ai>nn nibn bw ’bnsrnn mwn ,*Tann oana 
ivaaa onbw bipwni 3.14 B ivsaa >b»bwi nibn bw ,3.14 A 

.3.14 C 






(3.14 A -n»s) (3.14 B H’*) (3.14 C ivs) 

,mmbn >im nnw iyoan nia’ax bw obnian Tivnio inoa 
mbb naya da v'ovn are* nib bw >bawnn mwnw i 1 iom 
nrb nr nann’i mnibb \ina nr m nr immn iboa* , »Jwn 

:13b Kin bapn»w mm .on»j>a 


27CKa ^ 

^ 2 kk(j 

E=0 

2 kk<j ^ 

^ 27CK(7 

E= 47CKa 

27CKa^ 

| 2 kko 

E=0 


(3.15 n>s) 


nnw ivoa ma’sxa o’Jivon ninib i»aw K»n nbapnnw nKxinn 
:Kin bipwn >bawnn n*rwn ,nja>oa roiani a nbana 
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*■< nn« •> -ping > b-nwnn nTuin 3.4.4 
1 ~> V»V> T*i>1Q Kb ~V>~TDb 

bo qo . p ivoo ni3»3*:i iiyon q»bin Kb nvra by bonoi 

:n»n> ni-roaw lyonn 

q = Vp = |nR 3 P 

pnnnn nKxnjn ntipia »bnwnn man inn nytb o*xm uniK ok 
:(3.16 nvx) r novtnw n»ni73 nsoyn niii imn ronnn r 



(3.16 ni»x) 

nniwi mmton nsoynb ijiku ,n>non*o >nyon , »bnwnn m»n 
o>bio> unjK iDb .nnw niton ronnn ipnnnw mtiprn by 
47tK q* = E S .3.3 nnoun wnnwnb 

:Kin nsoynn lira Kibow iyonn 

q' = V'P = |nr 3 p 

r 3 :ni70 bw q ’bbon iyonb miK nwpj 

q’ = r 1 q 

S = 4nr 2 :mto nooyn now Kin nsoynn bw S nown 

r 3 

4nK- q = E- 4nr 2 : 

E = Kq 

, tonno tomnn »ntipi iyon i»o bton n*n» Kb ,mtob xinn 
.o»npnn ’jwo nnr n»n» nsoyna Kibon tyonn »o , pyo nitoi 



~r»ty>o -Tina »t>awnn n~rttin 3.4.5 


mbpa »ii!> o»ina»n o”W9in o*»b>nwn o’jyoa w* T»i>in Tina 
o*3*ny o”aa»n o’jyoa t»» T»ama ok .oipoa oipan 
'n law l tpm ».»»»» asab "ty ivu* on (o»»b»b« ix o»»ai’n) 

. mum o*iyoan 

loax m»nb a*»n vbian Tina *bawm rnw bpwa »n»w asaa 
.ntwn nyawna yiib o*a’t>an o”bawm o’lyoan i»n mnx »a 
Unix oaxb nnw vbian Tina tttwiw mpoan ini oixj pinn 
o’lvoan T’bmati x»m axa naiwn mpoab y»Anb o»bia» 
iT’binn bw n’ii*»nn noon by o’tama o’anyn 
nxmn nnb na»ax vbian Tina maiw naoya baw x»n na»on 
Tina »bban jyoan on pa nip* nn oax ’bawi rrre bw 

.(3.17 A ai’x) oax n»n* naoyan 
T*bm ii*ra taana prna bw n’spnaa ’bawi nr* bw Tam 
mvn aiaab xinai ,r * R -w ay aiaan Tina oax iab n»n» 
: (3.17 B ai**) »mipj jyoa bw iaa n»n* *bo*nn 



R 

(3.17 B ai*s) 

m 



(3.17 A ai»x) 


~ t » nK » m^a » jyqon i voo fiv un 3.5 


*ibnn a>nx »bawn mu axil o”9ioj»x mmb i»a ,o-rip ii’xaw ’9a 
mnib iaiaa i’x mx’saa .mmbn »ia byw ivoan ni9’9sa pa 
mb nr aixa o’aiapn aa now »bya mnib ,aia*pa bax o”aioi’x 

.o’*aioJ>x niniba U’f by iawn» 


na n*n’ nawa xxa’w iyoa w’in’w nan a»nx *bawnn mono iivaa 
F = q-E .ytap 
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»»**»»« ranMim yiap narrci pi on 
: mi lap n*rm ivonn 

vomit? bail nyiap nxixna vi T’Iin »bnwn mwa >bnwn ivonw pi’aa 

.nsixn nii« nviin b» niKnoiia 

.3 mm on>i»a pmam 50 cm 2 onowio ninib »iw n>nm : nmn 
20-1O -6 C bw ivona anxn nibn .m’fiK iyon nia’asa n»iiyv> mmbn 
Tin . »b»btm nibn ia "nostra p->opbK .-20-ID -6 C bw iyona *i*mi 

?»ai»nn nibn bK v»a» im naa 



pyaan ni3>ax m nb>nn atmi : \ imp 


q 20 10~ 6 


° = A = 50^0^ = 410 " 3 C/m2 


E = 4nKo = 4.5-10 8 N/C : iab n»n» mwn 

:7vnn ivonn ti’Ai’w nxiKnn 
a = 9_1 , ~ ~ g — * -810 19 m/sec 2 

.aaian jisiKim obyni iabi g aaian nsiKJin 10 19 »3 ifem ir nxnoi 
inopbHn ivoa b« ’b’bon in*ona vaiin .naiKnn bw *b*b«n in>on 
. >bnenn mwn piob "pan rrcixnn iivao iib am* 


X = v 0 t + 0.5 at 2 :naiKTi niiti nyiina yi iiaopbxno pvaa 

X = 3-10“ 3 m v 0 = 0 a = 8-10 19 m/sec 2 

t 2 = — t = 8.7 lO' 12 sec 

a 


mono mnib >iw taaaa 510 6 m/sec m*i»nna oiai inopbN :navvT 
.10 cm oaum 8 nm mmbn i»a pman .non ’Dba 100 N/C on»i»a 

(3.18 A -ms) 



(3.18 A 1VX) 
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itw pn .mpaix np**u apy nvun m»ata paopaxn renjn : inna 
1ii’3 .Y -n a»xa p*i ro »»nn p-iopaxn ."nayaa mpoix np»->t" 
paopaxn pm (»apn ivoa pax yj n»nw iivan) non!? xin mwn 
: pa x»n Y -n *i»xa renxnn . naya >d» na w*;na 

ay = = 1.76-10 13 m/sec 2 

(’aiyawa tJ»x g na-npn naina laa) 
mv» nyuna pi«a> pm ro w»na xa pnopaxn x -n -vsa 
.X -n a»s »a av yap* mman pa nyunn iar .mvna 

x = v 0 t 

0.1 = 5 - 10 6 • t 

t = 2-10“ 8 sec 

:v 0y = 0-i mnxn mm x*n ranmn Y -n ->»xaw pvaa 
Y = 0.5 at 2 = 0.51.7610 13 -(210‘ 8 ) 2 = 3.5-10" 3 m = 3.5mm 


X -n mala . wm>;ia pva mrya xxbj pnopaxn nimn pva ax 

:nyiap jnxto nrvnan 


v x * 5-10 6 m/sec 


: viap axpa na-n ma»nan Y -n a»aaa 


v y = a t = 1.76-10 1 3 •2-10 -8 = 3.52 10 5 m/sec 
v y 

tga = — = 0.07 a = 4° 



(3.18 B im) 

xm pvaa *ii»» ipa yua piopaxn pwa* niman paa nx*x*n nnxa 
nypn ay oyaa y»awa u*x mg -v aaa uaax) .mnp pay o*ayia 

. (p-nspaxn 





■■3 


» * —r *f •» * »avjr~n~i mwn 3.6 


♦nnipj iyoa >"y >baon rrtw nn>*> by uni'i noxa 


- ’<noj»K b>n »"y 


E = 2tcKo 


-»3ioi»x mb »"y 


1>ai »bawnn nmon bo mpan i*ao ,nxt mnx xb »a ox , umn 
.(viix ix) p»n xin "pinn , mai xin now rmpin 
aaman min , nnx nain xin iiinni ,nta u»x asan n>n>yb bax 
nnmnno’n apy y bbian *baonn mtin by y>aonb nibia>n nibipbiaa 

. (o’a boab) na»ioa nmsa 
.lima mbrm nx ub nxna u»x , it mmsa ,K yiapn 

K = -r^— :onn yiap n>nu K >io»an oipaa 


e 0 = = 4- w .9-109 = 8-85 10- 12 C 2 /(m 2 N) :lanyo nt yiap 

?n*>a . *bnonn nnon xxai mo ni inn nx xoaa 
>ibn n»n»o yiapa e 0 nx n*an b*33J nmx n>n» xb -pinn noxa 
.(1 -b miti yiapn pma ix nmxao maix nxr) nainn uoa 
.€ r mxa inioai >nopbx»n yiap xnpj nt yiap 
: ixn» unarm nixnoun <n>ux ix p*na) e r = 1 noxa 


53 = _L. a_ 

R 2 4ne 0 R 2 


1 X 

2ne 0 r 


uaa R pnnaa q *nmpj iyoa bo nnon 

ni3»3x bya >oioi>x b’n bio nnon 
: uaa r pnnaa \ iyoa 


E = 2nKo = 


2 


:o iyoa mom* bya ’dioj»x nib bio nnion 


E * 4nKo = — 

e o 


o»nt ouyoaa ouiyo o»’dioj»x ninib i»a nnion 

: ia>o uio 


.e r -a nbaan *n* by oioa un»> nixnoun mopbxn xin *pmn noxa 


E = -—— • 3_ 

4ne 0 e r R 2 


2ne n e r r 


: uaa R pnnaa q >nmpj iyoa bo rrron 


niD»3a bya »oioj’x b»n bo nnon 


: uaa r pnnaa \ iyoa 


:o iyoa nia’aa bya »aioi’x nib bo nnon 



o»nt Q’jyotn o>ityo o>>aioi>K nwv? ri mwn 
E ■ - a - : ia»® >1 vb 

e 0 € r 

-t 5-10 -6 C/m 2 ivoo ma’asn o>Jiy*>n mm* »it» i*a :rravvr 
miu i*w ’'H>p*K»*rn oapan® ’Top^x’a natn ojma -510 -6 C/m 2 

?mm*n i»aw man n»n» na .5 -* 

,’lopiMt’Tn nainn to mK*aa »nw -pm* o’o»jaa airoo : i vwa 
nniosn msn -tainn *yw «»n na»on . iop mm*n paw »*awnn man 
>avnn mbn *r»* »*»*w ivaa *w> »*»*wn m*n -r»* >avn ivoa *w 

(3.19 -ivs) 


+ + + + + + + 


© 

© 

© 

© 

© 

© 


(3.19 m>s) 


nainn nuai *v naosnw ivoan maa .mop m**an ivoan mo»3s 

. »*TOpl7N’-m aamn iioa rvibn -moan 


g 5-IQ- 6 

e P -e 0 5-8.85 IXT 12 


1.13 10 5 N/C 




p*>an oo'B 


: u*o»nw o’trrnn o>Awinn 


rrmn 

nvr»n» 

ia»on 

iwian 

iyoa n*T»n*a »anwnn nan 

N/C 

E 

>anwn mw 

Tiw m»n*a ivon 

C/m 

X 

iyoa ma’ar 
T>ix rrr»n»a 

now irr»n»a iyoa 

C/m 2 

a 

iyoa ma>ax 
now m»n»a 

nai rrr»n*a iyoa 

C/m 3 

p 

iyoa ma»ax 
nar mr»n»a 

’aowrm rrrwn i»a on»n 
.nainar p»aa 

“ 


»*topaK»*r otpa 


: 13-onw mxntmn 


F = qE 


E = 


1 

4ne 0 e r 


*L 

R 2 


__ i_ X 

2if€ 0 e r r 
c 

= 2eo€ r 


E 


o 

e 0 e r 


: »anwn rrnta iyoa ay nan 

: nan R pmaa q >rmpj ivon aw mwn 

ma’as aya »aioj»N a>n aw rrrwn 
: nan r pmaa \ iyoa 

:o iyoa ma>as aya »aior»x ma aw nawn 

o*nt ooyoaa omyo o»’aioj»x mma i>a ntwn 

:ia»o niw 


€ ° = 4nK = 8.8S10- 12 C z /(m 2 N) 









e r ’lopbN’-m onpnn 


1.0000 

1.00054 

5-10 

2.94 

6 

27 

78 

2.1 

2.29 

4.8 

1.2 


i p’’"lopbK’T o’g-rpa vbyo - nooi 


noinn aio 
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mbxg 

' x nan 


?31D"^ C To »jmpj ivona 2 m prana ’bnwm rmin inn .x .1 
?nmpia nii»w 210 -6 C bw ivon «*An»« ron inn .a 
in 0.53-lO -10 m prana aainonn iinopbx w»Annw »bn«nn mwn inn .2 

? 1 ioman 

.ni»n» uii’Di IDO N/C innsiyw mnx »bnwn nrro w» o»ion mt»xa .3 
:bw ivon rmpia «>An»w (in»ai bniA) ran inn 

.3-ID" 6 C .x 

.-2- ID -6 c .a 

.(3.20 m»s) ntn nt In prana n*xxni 510~ 6 C b« o’iyon »aw .4 

: ’ bnwnn man inn 

?o»3yoan »3wn 0.5 m bw nnw pnnna nxsnin A rmpia . x 
nnxn 1 m pranai o»iyoan nx nannn ipn by rowmn B rmpia .a 

?ona 

?o>iyonn »jwn 1 m To nnw pnnna nxsnin C rmpia .a 

baa mi>« -210 -6 C bw ivon w»in»w (iivai bniA) ran inn .n 

?mmpAna imx 



(3.20 ni*s) 

.ntn nt 0.4 m pnnna o’xxni -410 -6 C To iyoni 3-lO -6 C bw iyon .5 

:(1ii»ai bniA) ’bnwin nnwn inn .K 
?o»iyv>nn »3wn 0.2 m prana nxxnin rmpia .1 
lyonn in 1 m nxsmm o’iyonn pa nannn ipn by nmpia .2 

?>b*bwn in 1.4 m -i »ai*nn 
?o»iyonn >i»n 0.5 m nxxmn nmpia .3 
in nnx baa am** iioma w»An*w (iii»ai bniA) ran inn .a 

?nmpin 

?o*npnnn nnx baa iioman w»An»w nsixnn n»nn na .a 







.6 


bo o*iyon o*xxni 0.5 a ivbxo yian bo imptipn noboa 

:*bnorm rrron inn .2-30 -6 C 
?yia*m rama .n 

?yiann bo »y»a-m aipaipa .a 

*i»x by non 1 a pmna rmm .5-10' 9 C be iyon rum nn»x n'nna 
3-ID -9 C bo ivwo op ion ia*n .X -« i** livsa 30 N/C Kin X -n 

?nr mob onim 

X = 2 a mripiai 15'10 -9 C bo iyon mio Y > 2i X = 0 mipia 
(lii»ai ban) ’boonn man inn .-15 10~ 9 c bo iyon nun Y = 0 

rmaipia 
? Y * 0 X = 0 .K 

?Y = la X = 1 m .a 

?Y = 0 X = -2 m .1 
bo iyon 1119*9X3 i lyoo *9101 *k b’nn 2 a pmna »bnonn rmm inn 

?10- 6 C/a 

an*io .nrn nr 2 a pmna o*K*ni o*b»apn o*»9ioi»k o»b»»Ji 2 

.3-10~ 9 C/a bo rrT»nK iyon ma’oxa o’iiyo 
.o»b»»nn *ion la .1 :pmaa »bnoon rmm inn .H 
.o»b*»nn *ion 2 m .2 

?maipinn nrw baa Kxn*o inopbK o*ia»o non nn .a 
Tnxn .nrn nr 1 a pmna o*Kxni o*b»apn d»*91oi*k o»b»»n *io 
m»na iyon ni9»3xa *ioni 5-10 -9 C/a bo m*nK iyon 019 * 9 x 3 iivo 

.-5-10~ 9 C/a bo 

.o»b»*nn non 0.5 a .1 : pmna *bnonn rmm inn .k 
.o*b»»nn »ion la .2 

tnaipi baa axi»o inopbK o»n*o (111»ai bail) nan inn .a 
?o»opnrm anK baa inopbKn nxinn n»rm no .a 
rrt»nK iyon ni9»9xa 1 iyon *9101 *k nibn 2 a pmna rrron inn .k 

?6-10 -6 C/a 2 bo 

?naipia nn»o 510 -6 C bo iyon o*ia»o nan irm .a 
iyon ni9»9xa o»iiyon 0 ** 9101 »k ninib *10 1*3 nun inopbK 

.-ID" 9 C/a 2 -1 10 -9 C/a 2 bo mn*oa nnoi nbana nnon rrr»nK 
?ibponb inopbKn o»nno *bnonn nan i»a on»n inn 
nibn 2 a -a nnunn mmon 2 gr bo noni 5-ID -6 C bo iyon 
.-3-IQ" 9 C/m 2 bo iyon nio’oxa iiyoo *9ioi*K 

?iyonn nxixn »nn .k 


.7 


.8 


.9 


.10 


.11 


.12 


.13 


.14 
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?oi 22 yJD» inr nna *pji .2 
?nv»Aan yi22 mi2»nn n>rm no .a 

12w> ii» 2 yn .ora nr 1 ca pmo2 o*x2ni o»* 3 ioi*x mm 2 »io .15 
.- 3 - 10 " 9 C/a 2 2 o iyt» 013*322 *1001 5 - 10 " 9 C/m 2 2 o iwa 013*322 

.*2*2on ni2n in nnvmi imop2x 
?mm>n i >2 mwi onaiy »nn .x 
T»ai»nn ni2n 2x imop2xn y»i» inr nna tin .2 
?iny»A3 yi22 imop2xn oi 2 »nn »nn .a 
X 2 nn 1 ■ iDTAxo oina »120 2 -ID -6 C uyooi 0.5 gr mono 2122 .16 

.0120 111*22 10 * 0»11f2 0*131 OIOO .*3101*X 012 20 *20000 0202 



( 3.21 n* 2 ) 

?» 3 ioi»xn oi 2 n 2 vo iyonn 019*32 »nn 
2 o ivona iiyoi 1 a 1221x0 0102 2iop 100 gr mono 2122 .17 

012 2* 2 v OOI* 21220 OX OIOO 023* O’llt ir»X2 . 310 -6 C 
75 -ID -6 C/a* 2 o ivon 013*322 iiyon *3101»x 



( 3.22 21 * 2 ) 



























.18 


anann 5-ID -6 C bo ivona iivo 0.5 m ioi»aao q»bin xb aiaa 

. lama a»nx iaixa 
?aiaan raann 0.2 ■ .k :pnana »bnonn naon inn 
?maan raann 1 m .a 
iaixa anann 510 -6 C bo iyona iivo 0.5 m ioi»aao vbin ira .19 

.i*ja by a»nx 

?maan man 0.2 m .1 pnana >bnonn naon inn .x 
?maan raann In .2 

?aiaan raann 1 m xxmn 15-30~ 6 C bo iyon o»Aa»o nan inn .a 
Ivon nr»x .q iyon o» a lybxo via»a bo o»ainon vaipaipn o*»Aoa .20 
raana *bnwm rrrono »aa o*jyv>an »ion npmann ybxn raana o»wb o» 

?oaxb nno n»n» yia»an 

*naipi iyonn axn bi*n pnana xsm o uyon nia>aso »aioA>x mb .21 
.(nibn by y»aon n’x q ivonno qa biaA pnann) ,o>»ai»n onno ,q 
?oaxb mio »bnonn men n»n* q iyonn in pnan nr>xa 
. 10“ 6 C/m 2 mia»aso iyona iiyo0.6m ioi»aao q»bin ana .22 
?aiaan raann 1 m pnana naon inn .x 

raann 2 m pnana xan» iraano nnr no aiaa o»ia>o nan inn .a 

?lioxan aiaan 

1000 N/C mnsiyo »bnon rrroa nvnn xbb qnan 50 gr mono aiaa .23 

.non »aba un»ai 
?aiaan byo iyonn nina >nn .x 
?o>»io *a baAin naon nnxiy ox aiaan ronxn n»nn nn .a 

'a nna 

ibo lyonno qu by byia m»n» 200 N/C mnmyo a»nx ’bnon nao .24 

ib nnb »aa qun by b*yanb q»aa na nr*x .10 gr mom 510 -6 C 

?nbxno 5 m/sec 2 bo nxixn 

♦ aioi*x b»bA »"y axuo >bnonn naon inn >/v2 p ,oixa pin narva .25 

,b»bAn raann r pnana , na»nx iyon ma»aaa iiyoni R lovaao 

r > R .a r < R .x :aoxa 

»aioj’x b>bA »"y asiin >bnonn naon inn */vap oixa pin narya .26 

novaao na»bp >"y qioyi ,pna»nx iyon nia’axa iiyon R-, ioi>aao 
b’bAn bo ama qnn .-p niyon nia>osi R 3 >Ji*’nm R 2 ’n»jan 

.3.23 ai»aa nxaj na»bpni 



(3.23 *n»s) 


:itoo 


r < R, .K 

R, < r < R 2 .3 

R 2 < r < R 3 .A 

R 3 < r .3 

T’bin Ni> *n*o »"y ixun *bnwnn tmm inn ’/vip oina pin mty3 
n»*vro naoya » B y «poyni , prrvnN ivaa ma»a*3 v»yv>n R 1 lovnw 

.a iyoa niD’axa rmyom R 2 novrw ro>l>ia 



(3.24 *n»x) 


: two 


r < Ri . M 

R, < r < R 2 .3 

Ro < r .A 



, »!?’3wa »iwm »avn tvoaa )iyo imn ,o”9ioa’N mnii» ’aw .28 

.1000 N/C 'tv T»nK ’Inawn mw on»a*ai ,nra nr 1 ca pmna o’xxaa 
miuo ji’ai’rm maon ta t ion9i ji*;»’^wn rtoaan to "nniwo finop^K 

. tarn 

?nt *aa 'tv nr nay» n’ai’rm n!?aon t*> pma nr»xa .x 
?n’aaan mao!? any An re o*aarn wv ina .a 
?n’3AAn nbaoa tyas’ tna« ni’ii’nan on» tna .a 
? n»tAan maoa nv»Aan nva ni’oa’pn ni’Anaxn on» inn .-r 
mw re tivab Ttan tivaa 4-10® o/sec nvvnaa oaaa iwna .29 

?lton9n axy» tnr nna tin .10 4 N/C inaxia>w ’!?Bwn 
T’nx >hown mvT "piNaa 10 6 o/sec re nvvnaa oaaa tiona .30 

.510 3 N/C inaxiyw 
?inyian re tn^oan mix »na .k 
?10~ 4 sec Tnxb (tii»ai mi a) tionan mvno »na .a 

10 cm orrpnnw mx3 »iipan inyian tivaa tionan noo noa .a 

?»-npan tii»aa 

*T’nK ’tnawn mw* 37* n»iirai 41Q 6 o/sec m-i»noa oaaa tviopbx -31 

.(3.25 ni’X) 510 3 N/C annxiyw 

a a 

E 

(3.25 ivs) 

?tnop*Kn ’tv *i*oen mix ’no .x 
?tv>op*xn w’Anaw (11101 **tia) nxixnn ’no .a 
?g *raian nxixnn ir nxixn t»a on»n na .A 

?mw* oaaa iAaa naiA* tnopaxn urn* tar naa Tin .*r 

?nr tara tnop*xn nay>« ’paixn pman ina .n 
(Y=0 ; X=2)mipaa .410 -9 C 'tv tyoa nain (Y=l ; x=l) mipaa .32 

.’w»*w tvoa naia (Y=0 ; X=0) mipaai ,610- 9 C re two oaia 
.-ra*a x -n tivaa Kin (Y=2 ; X*0) rrripaa mwn 
?(Y=0 ; X=0) mipaa ’ixan tyoan ino .K 
?(Y=2 ; X=0) mipaa mwn naxiy ’fin .a 
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* i nai 

v’ winwnn ♦‘npripn o’iwa .a lya* Tnxe niyas nv>w vPivn vmj .33 
rrrvnv **o q inmiyti )wa opnt> t>» ia*n .q ''znvn ivon 

?oox n*n» vP'ivtyn Pv »w»bt»n •np'npa >>owm 
mnilm i*a .0.5 cm on>j»a pmnm 3 cm co*nxt> mma »jw o»Jim .34 
4- 10 6 m/sec rm»nna oiai ii-«5pi>x .100 N/C *t> -r»nx >>nwn rm» v 
pnao i’«m Kin mniMi in ivropaxn nx* nnxa .nimbn i*a mai 

. Tona iny»ia ty 1 ■ Pv ’pain 



(3.26 ii'S) 

?n>m*n in inx*** yjaa ii-iopbxn Pv majxn n»oon »rm .x 
?mmbn in inx»s» yjaa (iivai ym) ivwpbxn mi»nn »rm .a 
in wins »mx ram» >*»*•» mni^n i>a ysa> nyun ;no nt*x .a 

(In>jt mg ^ptm ) ? mm*n 

?*rona yja* mmm ino’ia rmpJo H »djx pmn nt>xa .*r 
nvrm .1 ■ ia*iixv oinn » \Pi\ -4 10“ 8 C uvon 1 * 5 gr inonw *vro .35 
.-10“* C/» a >* iyon m9*as bya »9 '»oj*x n>i> i?vn »i>n 



(3.27 ivs) 

?nmina inan noxa mna mn»nnn »nn .x 
?ysa»* raninn mvin »nn .atyji TJxn in 3* -a otnn -n*on .a 


3 



t»»na 0.6 m prnaa K*aj -4 10" 8 C uyaai 100 gr inoaa n"ra 

.ID -6 C/m uyoa ma’axa ’aioj’K 
nvuna vn»a *Ta *ivrai» nrfy -pix (i•»>i ^ru) m-vna it’K .k 

?a»nb a»aoa n»l>iya 
?aia»on mi’-m n»rm na .a 
o’jyoan nanvaa ixun ’baarm man ma ’/yap oikj pin imya 

ivoa ma’asa Q iyoaa iivoti R 1 iov*na vbia Kb una :nKan 

na’bia Kb na’bpa qiovm m’riK 
r 3 ’jis’nni r 2 ’B’jan noi»*na 
ivoa ma’asa -Q iyaaa miyoni 
. (3.28 ii’s) m’rw 
r < R-| .N tnana 

Rt < r < R 2 .a 

R 2 < r < R 3 . i 

R 3 < r .*t 



.36 


.37 


(3.28 -lvs) 

3.28 ii’saa Q’jyoan nanvaa nxn»a man tin »/yap dinj pin nntva .38 

.na’bia naoya K»n naovan iwo 
r < R! . K :naK3 
R-i f ^ R 2 • a 
R 2 ^ f ^ R 3 • A 

R 3 < r .T 

>pa ik nma o’Kxai-q -i q ivoaa o’Jiyvn 50 gr onoaa onm ’ia .39 
oaniKa o’oin ’jaa o»map o’mnan .10 6 N/C inaxiva T’fiN ’baan 
.*pKb 10° Ji’11ra o>«na o’oinn »ja .naman mipin 1 m 

? q iyoan maa »na 

.q iyaa a» a nybs *piKa n’aip ba n’tip-npn nyanxa .40 

ranna ’baann man ma .k 
? n»aipn 

7A rrripja >baann man ma .a 
maiann m»jnan -rx’a . j 
nya’iKa ok *a -i 'k -b 
oai» o’p’in o’tipmpn 
?-q iyoa 



q 

(3.29 m»x) 





nibKwb maiwn 


E=3.4-10 5 N/C 

.K 

.12 

F=1.7 N 

.a 


Fe 

— =210 12 

.13 

*G 

a=0.42 m/sec 2 

. N 

.14 

t=3.07 sec 

.a 


v=1.3 m/sec 

. a 


E=452 N/C 

. K 

.15 

t=1.59-10 -8 sec 

.a 


v=1.26-10 6 m/sec 

. A 


o m -7.646-10' 9 

C/m 2 

.16 


E=6750 N/C 

. K 

.1 

F=0.0135 N 

.a 


E=5.13-10 11 

N/C 

.2 

nj>n» F=3-10 -4 N 

. N 

.3 

rtpxaw f=-2- ID -4 N 

.a 


E b =5.610 4 N/C 

o 

H 

.4 

Ec=7.810 4 N/C 



E a = 1.575- lO 6 N/C 

.N 

.5 


Eg=8.63-10 3 N/C 
Ec= 1.0610 s N/C 




«= 57*34' 

.17 

a^-18"?' 



E=7.2-10 4 

N/C 

.K 

.18 

F a =2. 52-10' 1 3 N 

.a 


E=4.5-10 4 

N/C 

.a 


F B =1.38-10' 1 5 N 


E=0 


(1) 

. K 

.19 

F c = 1.7-10- 14 N 


E=4 

.5 10 4 N/C 

(2) 



ac=-18»7' 


F=0 


(1) 

.a 


a A =1.5-10 14 m/sec 2 

. A 

o 

II 

fa 

.675 N 

(2) 



a B =8.26-10 11 m/ sec 2 



q’ ■ 

| 0.707 q 

.20 

a c = 10 1 3 m/sec 2 







£^=-18*7' 




X= 

./3T 

v2na 

.21 

E=1.44-10 5 N/C 

. N 


Cs 

O 

■<# 

II 

M 

N/C 

.K 

.22 

a=45* E=1.38-10 5 N/C 

.a 


F=0.046 N 

.a 


X=2.34 m 


q=-4.9- 10' 

4 C 

. K 

.23 

X-n *i»x mno 45° E A =47.7 N/C 






X-n *i»* nnnn 45 Ea= 135 

i N/C 

rovn »3» 

a=g 

. a 



F 

f =0.051 N 

.24 

a= -73*40' Ec=12.43 N/C 

R 2 p 

.a E= 

,-fiE 

. M 

.25 

E=9-10 3 

1 N/C 

2e 0 r 


2e 0 









Es=46.76 N/C 

e a =o 

Rl 2 P 

2e 0 r 

.a E,= 


.K 

.26 

E a =360 N/C 

. H 





, 

Eb= 90 N/C p=0 


e 3 = 

(R-j 2 +R 2 2 -r 
2e 0 r 

2 )P 

. A 


F a =-5.76-10" 1 7 N 
F B =-1.44-10" 17 N 

.a 

(r 1 2 *r 2 2 -r 3 

2 >P 



a A =-6.32-10 13 m/sec 2 

. A 

II 

i 

2e 0 r 


.a 


aB=-1.58-10 13 m/sec 2 



.6 


.7 


.8 


.9 

.10 

.11 



E - r P 
El "3e 0 

.H 

.27 

E - R i 3 P 

2 "3e 0 r 2 

.2 


3R 2 2 cr+R 1 3 p 

r — 

A 


3 " 3e 0 r 2 

• 4 


X=5.4 10" 6 m 

.H 

CO 

CM 

t p 

—=42.86 

% 

.2 


E kp v p 

=—=1 .7 —=0.023 

E ka v e 

. A 


t=4.175-10~ 6 

sec 

.29 

v=4.791-10 7 m/sec 
a=88°48' 

• K 

.30 

y = 0.0024 m 

. A 


a=8.79-10 14 m/sec 2 

.2 

.31 

-=8.97 10 13 

S 

. A 


t=5.4710 -9 sec 

.7 


X=0.017 m 

.n 


q =-7.78 lO 9 C 

. N 

.32 

E=17.5 N/C 

.2 


o 

ii 

X 

76a 

.33 

a=l°53' v=4.002 m/sec .2 y=4.9410 4 m 

. K 

.34 

n’poix np*7ta mmbn i»a .a h= 0.0335 m 

.7 


*iw» ipa mmi»n >ttw T=0.0467 n 

. N 

.35 

f = 0.488 Hz 

. 2 


v=0.085 m/sec 

. H 

.36 

f=0.0225 H z 

.2 


E -'4^,3 

. X 

.37 

E - Q 

2 4ne 0 r 2 

.2 


Q r R, 3 -r 3 "j 

3_ 4TT6 0 r 2 L R 3 3 -R 2 3 J 

. A 


II 

o 



vhwd o>7nwj nnwn ixw io e 

; 3 =o 

.38 

9= 8.7 10 -8 C q =1.33-10- 

6 c 

.39 



imaanm rmn t onr - 5 


K n 3,0 5.1 

*ne 1*1 (rma) o»bK*x3oia bnnn w* iwon onipn pnaa i3»Kn 

.m tnan mapya yj *bawi ivon .mtipj 
o*bK*s3«>ia *man mipya *pbia:i o*3yoan nyisn nn tkji 3 m pnaa 

. vby 

o * ~t~t •> no *> p»D»b‘>» 5.2 


VVTAn noma inirm .(5.1 A *n»s) irmba naira Tim by bbno3 
o*3i-iopbKn bo vn» *r*an Kb . ia»ao o*aainoan o*3i-rapbKai »ai*n 

.»ai*rm i*y-nn bK o»nwp nainaw 



.0**0910 0*31 "TOpbK o’Knpj nbK 0»31*10pbK 
i»n»i rrroa ,noinn bw o»*mm »3« i»a o»bK*x3oia bton iw) ok 
y3 »b»bw ivoa .o»bK**30ian tnan apy iyi3» on o**»am o*3yoa ib 
bK»x3oian 5.2 -n»xa ok , iabi nia» bK’iooiab *Tia3 bK*Jooiaa 
.Vt -b v 2 -a o»»wainn o»3inopbKn iyi3* V! > V 2 



(5.2 iv») 


nwK mm .I’bin mpj o”09in o’jinopbK bo an moo ia ibk mm 
.-moo mpj o»>09in o’JinopbK , i*ki oyab ik , i>k ia 
o’jyoan nyun n>nn pbi ,o"Mmn o>jyonn on o ’a mopbN nanna 

.o»>b>bo o’jyon bo n>nn 
.bna ,mnnj ,'ioa :on o>b>bia o>inirt> niKOAin 
. >oia ,p’ooba .^y :on o>min o’namb niKOAin 

» boon o~> r 5.3 

.♦boon mt nsu o>ioa pvaa o»yj vbia iiram o’jyoan no>o 

o»»baon o’jyon bo miiaa nyun - ’boon onr 


o»jyoa on o»yjo ouyoan i»bia imao nmab ,ni>moon ma>oa 
,o»'avn ouyoa iyu»o iivan nvnb mAia onrn iiva ,o»>b»bo 



(5.3 m>x) 

.o»Jii>b aio>n >bmsb aion b3K moon aio»n »bnixb aion nr i»k 
!*T iaj bK’SJoiab maA bK»xjoi9a *r»on pb Kin »bnor»n onrn pi»D 
onrn n»n» pni» nbiti pr n*r»n>a T’biaa maiyo ivoan ninao baa 

.nnv bi*ra iann 
:pb n>nn »baon onr bo n»mnan nmAnn 
. iar nn>n>a ybiaa maiyn *baonn uwon niab - >baon onr 

mpb K>n nanan "iar m>n>a vbioa maiyn ivoan niaa” oaooa 
poan niab Kin onrn ,(S) inn ia n’avnbi (5.4 nvx) vbio 

.nrw n» jo *rooa nr irma nnaiyn 



(5.4 n*x) 

Kin At iat tnon -[oaa naiyo iyoan mna .1 niKa »baon o*n iaoj 

: iab nm> I in mi Aq 


i = Aa 
A At 


.(A) naan renpin rrr»n»a -rra» tmn 
1 sec "rona ia naiv 1 C 'to iyoa mo *r»biaa own tnm - naaK 1 


*p (I) iboa niK ibsv mtbi (A) nboa hik e> naaKn o*im m»n»b 
.1 = 2 A :rwt ainaj nanK 2 Kin -pbiaa n*im oko 


•joaa naivn ivoan niaa »na .2 A 'to ont out *r*biaa :navvt 

?*T»biaa 10 sec 


t = 10 sec 

I =&a 
1 At 

q = It=210 = 20C 


:(5.1) mono : i nna 


bo ont ia onto *r»biaa new n»Joa omaiy o>mopbK naa .- nam 

11 mA 


:K»n nnK n>joa vbiaa rnaivn ivoan maa 1 ima 
q = I•t = 110" 3 1 = ID" 3 C 

q e = 1.6-10 -19 C :Kin inopbK ba To lyoano iii»aa 

1 ii»aa (-) ia»on Kbb y>aia iyoan) 
(inopbKn ivoab nno oivoao o»»ai>n o»jyoa bo nyun Kin onto 




10~ 3 

1.6 10" 19 


6.25 10 1 s 


:n»n» n. ouiaopbKn aaoa 



o>avoan bw 


nyunn ni*i»nn i*ai >bawrm tntn i»a *>wpfr inu 
(5.5 *ii*s) i»>iaa Tim by bantu .o’*bawnn 



(5.5 n»s) 


-jwaa . jat m»n»a 1 ’bian bw fnna naiyn lyoan mas Kin mtn 
now Kin S nwo ,X-S naaa raocnan jyoa mas may it int m>n» 
nyunnw )ii’M .ouyonn bw nyunn nn»naa >ibn x TiiKn .Twin 
ouyon bw naam X - vAt ot^jt Kin *iayw inrm mvna nuw K»n 
V = X S = v-At-S :Kin incm in navw 


ounopbKn aaoa dk .iyoan nia’asa n»ibn nt naaa w»w iyoan maa 
iyoan maa wo n e q. Kin naa m»n»a iyoan w« n e Kin naa n-r»n»a 

:K»n V naaa q 


A1 ■ n e<la v = n,q,'vAt'S 


1 = At = n ° q «' vS (5 - 2> 


: pb n»n» I o*itn 


nbi*n ouyoan bw nyunn mrna *im» bna *r*biaa oatnw baa 

.w 

mvna nK nmtya awnai o»»niK»xa o»naoa nbya naan by banoa 
:n>aaw bawnn »oina o»>bawnn ouyoan bw nyunn 

1 mm 2 bw -ynn now bya nwinaa i»biaa ouyoan mrna >na .naarr 

?2CX) A bw oat Kwun 
(ounopbK 8.5-10 28 Kin 1 m 3 -a o»>wainn ounopbKn aaoa) 




n e1*S 


rjjrma 


: iabi o»ii-iopbK 8. 5-ID 28 xin 1 « 3 -a o»»«9irm o»iinopbxn aooa 
200 

v = 8.5-10 2 ®•1.6-io-’raiD- 6 = 00147 “/ sec 


nirna I! 1.5 cm /sec *nva x*n o»Jiaopbxn nii’nao maix mt 

.TXIJ 

mpnan »bn*rm mxn nn*na i>ab it nn»na i»a babannb -pas xb 

.300,000 k«/sec bo nn>nM -pbiaa 


.o*n oat bva ,n*a»o*xioi»x naan pisb ,»bnon oat bv aionb in»j 

• Tiai oipab niai oipnn mu o»a oat 
.*Tiai bx»sioiDb mai bx’xaoiaa mn »baon oit 
ivonn 09in nonn a*pan nxi bx’sioian oom nai»n a»pon nx 

. ’bnwin 

♦ b»»wnn nnnn ~i i po i » bnwn nrwa 5.4 

;o»aaa »Joa anx movb jn»i , iatn ba ’boon mi -pbiaa n»mo »*o 
bx o»trm o’lvon iatn ba o»janb mwi ,(5.6 B ; 5.6 A ai»s) 

l*binn mpb iy»ino o’jyoon nx nnpb >3tmi ,(5.6 A avs) -pbian 

.(5.6 B ai»s) T’bian nb»nnb omx a’trmbi 



(5.6 B ii'i) 

o’ivoa o’janb mnn x»no pvaa 
nap iat anxbo "p ,o»»baon o’jyoa 
n’ova x»n n»ion maoaxn .poo 


H) 0 


(5.6 A avs) 

n»bx»a nj»x mi wan niaoaxn 
ais*b aoox »xi iatn ba o»trm 
oatni o*»baonn opyoan nai» 



jwnvr it ma«9K .o»n»»pn o»*bawm o»biyaa nwianan if 13K K»m 
ov bw nb»apnn nyama mbanon *"v ,yinn i»anb non .miaiK 
.renm rmpib nrnai rmpin o'ain o>n .(5.7 avx) ,o»n 

Tiif'b o»xia nniK ok 
oif bw mana nynn 
b>yanb n>by o*nn 
o»an jik v tnnw naKwn 
niinrmn rmpin in 
.nivbyn rrripib 


na>cwo 



iabi , ambynb *aa oya baa mbK’xioia miaiK o>nb nab rewwnn by 
o»a ira*a m*K naKtmnw ab o»wb aiwn .miaiK o»ab npaon naKwan 

.nrnai rmpib omK nbya pa KbK 
Kin »a ,ina»at nya n»bK»*ioia miaiK Kin 01 aaKn »bnwnn oatn 
yiap oar m*»b miaaa oki ,71m bK»jooiab mai bK»xivnan aai» 
bK*sioian in o»jyonn nK np»n awK "mbnwn naKwn" b»yanb ii»by 
nnan aipa Kxmn *p nob .main bK»sioian bK oniK a»rnm 71am 

,('iai nbbio ,aaxn) »bnwm 
:o»a»p 9 n *10 nnan aipab 
.oaf oiat»w »*ra >nbnnn o»bK»xioia waan aix*b .k 
bK»aioian bK 71am bK>xioiab iy»int» o’lyoan ok a»frmb .a 

.main 

»n»a 7>brm Kin if nyainb oaum rrnan aipaa wnannn 7>bnnn 

.nf aaoa 7»bnrm oia»ab oia*i Kb nniKi 
Kb naKtrano ina) Io»iyoa aai» ij»k >bnwrm nnan aipnw aiatb aiwn 

. (o>n naai» 

o’»o»oa o»a»aaa »iw o»a»aa »bnwn biya n»n*w »aa ,oia’ob 
oiai>w >bnwn nnn aipai aiio biya iin>w o»a»bia (5.8 ai»a) 

.0’3’biaa o’jyoa nynnb 



(5.8 ai*a) 




93 


nyiAnb o*iaa oaorm »3b iabA (mf) o»jyon nyAAnb mu naan *npa 
AbK« iAA*aa .*riai bK»xA©A9b mil bK’XAoiaa o»»3A»n o’Ayoa 


o*nn iabA (-) -n bK oobbaa {♦) -na o>rrTA on o*>avn o’Ayoa 
nnan *npa -pna) .bAyan T»na (-) -n bK (■*•) -n ia fan Ktn bAyaa 
.(n’AnAK tnvm i»bnn^( + ) -n bK (-) -n ia iAan n»n* pA»an 

:nxan n*AAsa rma fpa iboa 
iaoa rnxn Apn .(5.9 A ivx) 
bK»XAOian) »aA»nn -rxn jik 
- ran m nspn Apm (maAn 



.(■paAn bK>*AOA3n) >b>b©n 


(5.9 A m»x) 



AKa D'i>«a (-) -m (♦) -n 
anb d»-a»axb Kb on .nAan owb 
mm a a a *a .o>»onao D»*AA>xa 
bK (♦) -n ia iab n»n» bAyaa 
.(5.9 B f’s) (-) -n 


(5.9 B nA»3) 

.€ nAKa laAooA obiAa ttoa bAyab nnan fpa ibaab nnan 
.e = 24 V aArtAA obAA 24 bw rma abaa rma fpa ok 
"na"n kao »a (y*Aa AiopbK na) .a.K.a oa o»ktap rman nApab 

niKanaa na) .bAyan iak y»Aan 
Anr ,»n»aK na aa»k nr »a 
(!o>bK»XAOA9 ©non 
bya *r»an oion .a.K.a -n btAA 
.a.K.a -n b© nA’sn 


24V 



(5.10 TA»S) 



m*TAjnn 5.5 


. i*map i»a V, - V 2 o»bK»xjoia b*ran w» *iok *t*^» by banoA 

hk b**iAAo baa 
o»bK»sAoian o*ian 
1 >*ta* *r»bian by 
. 13*1*1 01 tn 


Vi > v 2 

(5.11 *n*x) 

b*TA* o»»ao >a rmnn jik b**TAA ok .*io» on* Kin o*itb nnan i*a tm*n 
n»n* no b3K .ononn *r*bian ina it tp Kbb mn ,o»*ao *a e*nn 

.*T*biaa »ibn inoba nrraa bnpnan o*nn 
bnanni ,o»a*bia o**iaim omaa o»*iam o»o o*np naa lAnaK 
.naA n*t*n»a o»»oainn o»Ai*iopbKn *iaoaa Kin on»A»a 
lairm *ini» bi*tA naA jn»n»a o»»oainn o*Ai*iopbKn *iaoat< baa 
.*ini» nbi*TA ma»bia ib n*rm irntw o»b»aa ik ,*wi» mo -pbi* 
*im* iop naj jrr*n»a o»»oainn o»Ai*iopbKn naoao baa .naian rrma 
inv mop ma*bia ib n»rm mnw o*b*aa ik ,mi» y*i *r»bi* *iairm 
:nnix »noa nitAAnn *i»*taa .mi* nbi*TA nvTAAWi ik 
. 13*1*1 0*1 1 *iaya yiAab *r»bian nbia* - nitAAnn 
.*l*bia by oitm nnnn yi on»n - ni*iAAnn 

on ik pin 5.5.1 



*T*bia nviAAnnno baa .o*nb "pan on»a iab K»n niTAAnnn 
.*ini» iop id*i*t onf't mm ini* nbi*TA 
o*n (u) nna o»l**TAn noibo i*a *iopni R niKa niiAAnn iboa 
: oniK pin KipAn uko aion pina doiab (R) miAAnni (I) 


I = -jj (5.3) 


*Tian on*ai i»by nnab no* on»a kxoa *T»bia by o*nn 

. ibo ni*TAAnnb 



mmoa na m«n .onvm K*n nvninm irmu na nrr»n*n 
k»d o’ion nnAinn oxi (mniH) Q *t»n nnAAimn 

.R = 5 Q mt oitnj oniK 5 

qua yrnitg i*a 1 V 'to nrroo -p»m ye nn»nn win 1 0 

. 1 A bo o~nb 

i>ya -ppm ye i»m*p 1 »a Pvam 220 v ye rmn :toavt 

?ia*vr ontn inn 100 Q a® mtAAim 

t „ 5 _ 220 :jvma 

1 R 100 Z ‘ Z A 

"T* 1 ? nn ♦ -rnaa. m-r aa nnn n ~> ^>n 5.5.2 

unn nnirtn :tp»np»y o»naa »i«a n»v?n *r»am ye mnAJim 
»*rnni (naj 'n»a o»’®ainn o»Ai->opaNn ’on) >iwv Kin 

,*painn 

.(5.12 nvs) S -pin rural L pw ava *r*bm y» aanoi 



S 


(5.12 ni»x) 

nanA n»nn nitAAnnn ,*hii» anA n»n» L varan tv»kw aaa 

.*im» 

n»nn nnAAnrm.nm* aitA n»n» S i»^inn 're inm mraw baa 

.*wn» mop 

n»aiAon jmAJnm mrva n*mm nnirm Aioa i»t>inn man 

(in )p mxa mmonn 





TT>x m»n> iannw> ybio bo nvmnnn 


mbiAo nnijjm 


. nog m»n> lanni 

<lioa ,1 nbaoa naoi o»nom *iaon bo mbiAon mtAinnn 

.pnan 

: jab n»nn R nmim bya -phio mtAjnn 

R=|t (5.4) 

n*nn» mnn m 2 -a ijwi nooi m -a ttoa -pbinn -jun on 

d. q 

p= -7= Qm n»biAon nmjnrm 

cm bo *piNi mm 2 bo "jun »bva on o»a»bino jii*ao o»myb) 
(fl cm -a in Q«m 2 /cm bo mt’n»a n>bnon nnAAimn im»w 


bo xy n»aip bo mnixp i»a byain IDO V bo rmn :n»AVT 
(Visa -man) ID 9 Q-m xvn bo n’buon imnAjnn .1 cm3 

?xva iimn 0*1 tn ino 


:xyn n»aip mtonn m ba tmp nxoa : ii~ma 
S = 1 cm 2 = 0.0001 m 2 = ID -4 m 2 L = 1 cm * ID -2 m 
P= 10 9 Q m 

£L 10 9 • ID" 2 


I = 


_U 

R 


10 “ 4 

100 

io 1 


= 10 11 Q 


, = 10- 9 A 


.*tno iop n>n» isivo o*nn visa -mao \yno pvao 


mip-iaooj. T»i> , >an niTaann mi>Ti 5.5.3 

N»n na>on .nbtAi robin innjjrm vbia o>aana iwo 
baa inv nbi*TA m*i»naa o»yj o”wairm o»Ji*rc>pbNno 
livaa yub onb omb »ta mi* bnA nrra rnxi o>nvan 

.ttaio 

mionaaoa niTurmn jini R d -a 0*C -a jmAjimn on iaoj on 
r t = R 0 +AR :iabi nitAAnn naoiinn R 0 -bo >*in R x -a T 
uaao noinn a 10 a n>ibn N»n ?nnjinna naoinn n»ibn noa 
.7Ain nbyo nnonaaon onanai *T»bion >ioy 

R = a-ATR 0 




naioaaaon oapa KapAi aamn Aioa mbnn jw iaoa a yiopn 

. ■*£ in vma»n* .maAinnn b® 

c 

nbiy nanoaaaon aoro maAirom nbaA o*nr>K naaa mn a 
.(paan r>o 2 2 nbaoa o’V’jnn a bt> o’any) .1°C -a 

.rmoaanon tnan m aainAX 

n»by ba by 1% -a nbaA maAjnrmti ub imt< boab a ■ 0.01 
AR = 0.01'1-Ro = O.OIRo :o nrw nbya b® 

:bapi r t -b no»an ainbAR -b »io»an m o»33J ok 
R t = Rq( 1 ♦ oAT) (5.5) 


oam 0°C -a 100 Q b® maAAnn bya nvw» *T»bAa rnrnvT 
?imaAAnn n»rm na .40*C bw rmoaaaob 

nunm® = ^ 0.0039 cpaan T»oa 2 nbaoa : ima 

R 40 0 = Ro (l + a-40) = 100-(1 ♦ 0.0039-40) = 115.6 Q 

» bawnn » Avan 5.6 

®aan apy oat out a>biaa« 13 ’Ka ,o»a»bia by vtoy ay AAaa»a 
o’D’bin b® o»ai® o’aao i*a AAbaan Kb . vaa* i»a o»bK>jooia 

. »ba®nn bAyaa o’KxaAn 

,naiA ino o»a>ioa o’Aaasb >ba«n oat paob »aa aau »ba®n bAya 
r»na .aao) bAyan ia n»AaAK o»aais obta .' iai n»t»v>bo ,aapa 

.(Kan paaa 

®> o’vnnb oaa o’Aaasb oa .o»om o»aana o’Ai®n o>aaasn i»a 
on>m lAniK aKa mop maAAnn »bya on o>oinn® iivaa .maAAnn 
to’Aaaan bo pa n»rm bAyaa maAAnnn jmaAAnn *aon bKD on’bK 

.(5.13 avs) 




,mo upo n*n* »imon biyaa pb 
.o»ianjn nvrunn >*ion o»om 
o’oirmo rrraiyb ab o*ob aion 
onrno maiK ni*K niaunn **wn 
onminno maim ! odn Kin on*by 
o*bK»sioian onano p*i main osh 
oinn byo B -i A ni-npi *nw 

:o3Kb nm 


(5.13 ni’jf) 

V AB = I R =10=0 

by n*nn rman m»*i> U o»it» ftna bjynb jnu e rmn npn ok pbi 

Jo’oirm by Kbi baba o’lanxn 


1 

i_tmp_ 

1 

> A 

> B 



1 rra 



1 1 



*n»s) *mK p-re ia bivab rmn 



(5.14 A n*s) 


A B 



(5.14 B H»x) 

A i»a m*nb 24 V bo 


)»1) 24 V bo rmn upa -.naivr 

(5.14 A 

D -i C ,B ,A mvnpi 4 by banoi 
rmo iim upano rrraiyn .biyan by 
bK’xioiano lib maiK 24 V bo 
mipia bK’xioiana mai A rrnpia 
V A - V D = 24 V . 24 V -a D 

nano B -i A ninpin vao in»ao 
onan )*k niaiinn non oin 
: pbi niaipin i*a o*bK*xioia 
V A = V B 

V c = V D : na*on rmiKO 

Tvr D -b A ban *yoo pi*aa 
bao ana 24 V mib i»*ia biyan 
: pnxn by K»n bK’xioian m»*i> 
V B - V c = 24V 

nnn "ban" pnxn byo naKi ijk 
, o*ab n»iibiKb nirni ok .24 V bo 
nmpin )*ai B -i A maipin i*a 
in onan ba .nan onan )'»D -i C 
,C -i B niaipm i*a ksbj D -b 
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aanax mm maxa *a»ajm on» am Pa o*aat> q*13"w w»e iaa»an 
xana im»a oaton pasta 'r» monaon naasa *Pa paxa pas poa 

.-rain 


“W\r 


(5.15 aa»s) 

in naana rt>m nPaao itataam bva vPan na»nn oawa xan aaan 

. anax Q’Twpnw o»oirm 
: pa nxv oawa bayn 


I—WV—I 

(5.16 aa»s) 

noaaan mm nanaw mnax mt .oat pas aa»x aaanw aaap aaon 
maayn ivonn nana xan oat) .iann nxsam man nanaa naat> a»ax 
aaan n»n m»s*a mm p naao n*n no>aaa mm oxi inr m*n»a 

. (iiron aaana aaas 

. aana oPatan o>nn nayaann (np*ny nop wnn ax) na nation mat naan 
xax onsy o»na rraanvn xa nanon .o>aa« nanon ’nnxa »aaa o»nn nana 
.aaan oa p .o>aaxn ono max’saoaon n’anaxa 
.xan pnaa naaa p ava aana o>naayn o’aywan p manax pa pax aaan 
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plan oia>o 

:lAtanw o>»o>oan o’Awinn 


n*mn 

nn»n» 

in»on 

aw inn 

maiyn iyonn nina 
. inr ni*n»a -pbina 

A 

1 

0*11 

ynnb 7 »^inn t>w nwia 
. iptt o*i t *iayn 

Q 

R 

mtAJim 

lanxw *r»i»in nitAjnn 
1 m 2 i^w Timn nowi 1 m 

fl-m 

P 

n»i>iAo miAAnn 

bw o»nn>ta nunwn 
'anon n’by apy nnAjnnn 

1/*C 

a 

mioianon mpn 



: iina*nw mxnoun 
:onix pin 


I 


= Aa 
At 


I = 
R = 
r T 


n e q e v- 



= Ro'U 


s 


+ 


:o»»*ionixAn vrana T’binn nifAjnn mbn 

oAT) :n*iio*ianoa T’^ian imwnn mbn 

: u*o>nw m*r»n*n 

.1 sec -a *my 1 C iyon *iwxa tmn - (A)-ianx 1 
.1 A bo mrt on a 1 v 'ro rmn *iw»o nitAJnnn - (fl)oniN 1 
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p [Q m] (20*C) n»imo nmann 


11- lO- 8 

01»*Tb9 

95.8- lO' 8 

- 

H’903 

4.610- 8 - 

ovum 

10- lO" 8 

- 

m»ob9 

1.7210-8 - 

ntnm 

5.7 ID" 8 

- 

vn’bia 

2.8310-8 - 

ovj’miK 

7.8 lO" 8 

- 

3p» 3 


1 nbao 




a [1/‘C] 

(20*C) nvnannn 

r 

miuiono mpn 



0.0033 - 

OVTP9 

0.00089 

- 

Jl» 903 

0.004 

m> n xn 

0.003 

- 

m »o39 

0.00393 - 

ntnm 

0.0033 

- 

Vta»!»ia 

0.0039 - 

ovi’mPK 

0.006 

- 

i>p»j 


2 nbao 
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mbKo 

1 mnbaoa o’nanj a mimsnon mpm p n»>no imiJim »a*b omm) 

.(2-3 

?20 sec “Tona ia onaiy IDO c ok *pbina mim mm mo .1 
70.1 A bo ont ia out ok 1 sec -a *r»bina onaiy o*ii*iopbK nna .2 
o’jnopbKn taono mina o**09in o»inopbK bo nyunn nn»nn »nn .3 
71A Kin 2 m 2 bo Tima ourn mmi 5-ID 26 Kin ia * 2 -b 0 ** 09 inn 

75 ms ioi**ni 50 as laniKo noim b»b» b* m-mimn »rm .4 
72 cm nyba t>iko oi»3»mbK n»aip nvnann »no .5 
nn*uia ia»nn ointa i»imb a*aoa aamonn inopbK navo mm inn .6 

76 10 16 H 2 bo 

4 V bo ram npn vniap *ion na»n 1 am noipi 2 ■ la-imo b»nb .7 
?b»rm bo n'buon niTnnnn >no .8 A bo n»n bapimo mmi 
.2 V n*n nnnni 1 A bo mt navin 1 mb 3 inaio *b*bi noirn b»na .8 

?b»nn bo ioi»Ti inni iouk ino 

dok 3 ,n»3o baa o*jnopbK lo 15 onaiy <ioan »ioyn *b*b* vbma .9 
noip inn . nrn mis o»pnnnn *r*bian map i*a bvis 1 v bo row 

(1.46-10 - * n-m) ?T*bmn 

.2 A bo mt out 0.01 mb 2 bo -ynn noo bya noinin ti*ik *r*bina .10 

.50 V Kin bK**Joi 9 n a mipja 
?mtn iii*aa 1 m maam B rrnpja bmaioisn mo .k 

livab "pan iii»aa 2 m iwanm c rrnpja bK’ajoian inn .a 

?mtn 

ram mpnb lain 10 m bo tiiki 1 no 2 bo Tim bya noinja *[*bia .11 

.2.4 V bo 
?*T»bina ontn inn .k 
7iaonna rmt »jo *T»bin iioKin vbiab nan* ok ontn n*n* nn .a 

?i»bK ainaa »jo i»bin iiokio T’binb nan* ok mtn n»n» nn .a 



(5.17 n»a) 
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.R nvmnn »♦ S inn now* L T"* .12 

?2L *w t^n ioa aninn *m«a b»n mtjjnn n*nn no . k 

?2S Pw inn now pya an*rm MVtxn P»j* majjnn n»nn no .a 

*rv>H ina* rain *mx bva an*rm *i**ko P»n maiiim n»rm no . i 

?2L *b 

dmi« o’ppn nyaaxi* Vim iw o*amn .R nvmnn L Aaaixw P*rt> .13 
?nPapnnn nnunnn »no .nr axa nr on*K o>aanni 
?40*C -b ctnn> ok 0*C -a 100 Q i>w nw*m ajj maAAnn n»nn no .14 
.150 Q 'to maAjnn ovj»o*Pno ixi'y mvn 60*C -a .15 
?0*C -a imaAinn nn*n no .k 
? 20*C -a imaAinn rm»n no .a 

*m*njnn nmn no .55 Q 40*C a* 100 Q aAJ maAAnn nmngs'C -a .16 

?nn*nn >v naioaanon oapn inn* o'c -a 
0*C K»n naioaanon awxa . 2 A bw yiap oar oa*r nwimn -pbina .17 
»nn .1 n K*n 1 V onbw o>PN>xioian waanw maipi »nw i»a pnann 

?20*C K»n naioaanon aw»o niaAAnrm 
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mbxwb maiwn 


1=5 A 

.1 

n e =6.2510 17 

.2 

v=6.25-10 -3 m/sec 

.3 

R=1.110~ 4 Q 

.4 

R = 1.41510- 6 Q 

.5 

1=9.6-10" 4 A 

.6 

p = 1.96- lO -7 Q-m 

.7 

L=10.78 m 

.8 

R=0.17 mm 

D=1.7-310- 6 m 

.9 

V B =46.56 V 

.10 

V c =56.88 V 

1=13.95 A 

.11 

1=6.97 A 

1=27.9 A 

R, =2R 

.12 

R -5 

R 2 - 2 

R 3 =4R 

Rt _5_ 

R 16 

.13 

R=115.6 Q 

.14 

Ro=121.5 Q 

.15 

R 20 =131.04 Q 

a=2.94-10“ 3 l/’C 

.16 


Rq=85 Q 

R 20 =0.539 Q 


.17 



105 


patm - 6 yr 19 

n *i an 6.1 


*p -ww K’jno Kin npbn . inbyan oeb n’J-OK 7*11* »bawn *i»oaa ba 
npbn .'noi oana oia»n nun ,m»Ka mu : ibo mpann »ib»a iata 
iaa) ibo -T’pann Kb nt ok oa oarma *v«aan« iv>>aa T>a»Kb ibin 

(.Mai i»m ,n*t»iib© 

.»baonn bAyan ia (ia*isn) ’baonn n»«aan bapa n»ba«nn n»iniKn m 

.mn pnaa ini ia by ?nKt n’AiAK it»K 

»b»nwnn b>vna n» aaaKn 6.2 


♦non o’om ,nna -npa iai nnva 



-MAr 

-> R 


©loan »ba©rm bAvan by banoj 
.irw pun nvrAAnn 
R iimum »"y vsikb pnxn 
€ lb© .a.K.a -n »"y nnan mpni 


tntb nv>© pnxb ojajn o-nn OKn 
?uaa Kin»n 


(6.2 -ivs) 


Kb ia*isn imsvn o*nn niaab fan mi© noiajn onr maa nniK ip 
i jb i»ko vivaa .o’jaa iy©a m»AK n©n »3 o*n m»pb .o-n npib 
.»no 3 K »nba natn o’nonn o»Ay©an nabonb itpa 
.oripn pnaa iA»Kn© » 3 a y D»jy©an bo nyiAim nn»naa Mbn oitn 
.mi© pnsn ♦*iriKi » 33 b o»Ay©an nn»na© maiK rat .(5.2 rmtm) 
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to n»oa»pn n»A*iAHn oa pt>i 
*iayan -[®na nanva m»H ivoa 
janxnw n*iniMn i»aa tn . ta-raa 
?i xmv'y npib 




mvo ia-ran >*r»x »awa t*K*xaoian 
*nv iaisn tvt naiyn lyaani 
o-nn) .V 2 -t» V 1 -a twaaoiaa 
(aaortn *at> o»»avn n»Aw>n Kin 

v 2 


(6.4 ivs) 

mtwron n’twmaoia nmaK lyoan -Tana bK’XJoiaa rrT»-pn inta 

(4.7 nmm) 

* 

:kiti n»t7K»:cjoian n*A*iJHn man 


AE P * Ep2 “ Epj 3 (jVj — qV! - qU 

n*AnJKfi m (nmpjn )»a ,o'i»(’!»oian man , rman Kin U ~mta) 
aana iaucn *u»o . lansn npn aaxa lyannw qU nn mtarsaoian 
iai mi> aana >jyan n»o .oint» roam n»A*iAKn to lato R nm 
.nnnx nnoab n>AUKna ptm *[t>n ,*ini» o»aana o»aiw o>a»aa 


y9iwa -nw»aa iia m»n»b nan 



.o»naA tnam o>t>Knaoia 


omb mbKnaoia n»A*OKa nayan 
nn»na» \ i van .nyiap mi’naa 
n’OJ’pn n>Ai)Nn nyiap qiAn 
n»AUKn -na*K toi nyiap it>w 
>*r*-t»y oint> "rain n>t»K’2fJvnan 

.*Tia»n 

AEp = nigt^ - mgh 2 = mg^h 

i i»a ntoprm nK o’Kin nnjN aiwi 
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b^K* a p*>n 6 


bapa n*i*»jx naa qU K»n ia*isa *iaiyn iyoan naKao manaKn ok 
n*f»n*a n»a*iaKn maa) paonn m awna td nob ?mx n»aoa lanxn 

.hat 

p > ■ ^ * 3-0 

t t 

I « 3 : )yaan »ia»ob nop I bayaa o*itnw in*aa 


P = IU (6.1) 


:bapa 


tnana ott o*itn nbaaab niiw , Kino ianx baa >baonn paonn 

.i*by o»bK>xaoian 
(W) oKiin «»n paonn irr*n» 
paonn 1 v bo o*bK»saoia onan »* 1 A bs mt ia onto lanxa nwa 
paono ivpaa .1 w Kin (maoa bapa la-ixno manaKn maa) bapnan 
.manawi nn>n'b nmop paonn nn»n’ n»aoa manaK maa Kin 
W = J/sec 

. 1 sec ba 1 J bo manaK »ia»o ia v> noxa iia paon - (w) pkii 1 
.1 sec ba 2000 J rmn man Kin 2000 W ipaono man 
U ■ IR :oniK pin o»’pna ,-raba R *raa Kin p*isn iwo 

p - iu « I- (IR) :ana’nb nbia» 6.1 moia tKi 


P * I*R (6.2) 


.biK' a pin reopai taaa oinn mrmann asp m nuoia it nnoia 

I = -jj . :oa Kin oniK pino in»aa 

R 

P = IU =(=)-U :bapai 6.1 nnoiaa a»sa 

R 


P = (6.3) 


mnnann asp .oinb ibia lain iamb oaaan 


P = IU = I 2 R = 


U 2 


(6.1-6.3) 


: bapa 

.n’oia>o it moia oa 
paonn ,naaa ,oia*ob 


: nnoiaa ima P oinn 
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?nm*TAjnn »na .1£)0 W/220 V aina irm by :naAVT 

U = 220 V :on ouimn : i nna 

P = 100 W 

:6.3 nnoua wan wa 


'-F 


R - U * 

" ‘ P 


220 2 
100 


484 a 


na 110 V bw nna *npab main 75 W/220 V n»by amaw mu : twaait 

?nbw paon n»n» 


nunwnb bia» mby mm oa .nunwnb bia» mu by nnan i nna 
mini »ibn Kinw iii»an .mnwa u»kw *r»n»n bnun .nr bbAa 
:miAn nitAinn «< ba tmp iab ksba .ni-mnnn Min ,mun 


R - ^ 
R P 


220 2 
75 


= 645.3 Q 


:iab n*n* 110 v bw nnaa miAn paon 


p = 


U 2 


110 2 


R 645.3 
n>AUMn nina »*in 


18.75 W 

P = iu bw P paon nuw baa tux -mnw iivaa 

:n»rm t iara tux Minw 


E = Pt = IUt (6.4) 


n*AUM m»n» -vtAnb bau n»jwa inn OMiia ttoa paonw iii»aa 

.(kWh) nyw-OKiib»p -n M»ni nwm 


>nit .n»bawn n>AUK na»nx >am>na tiMa n>wia»w m*n> »nu 

Ipaon m»n» Mbi n*AiAK na»n» 

:1 kWh -a w» biK'A nna tuoa 

1 kWh=3600 seel kW=3600 sec-1000 W=3.610 6 J 


naa .myw 8 iwaa nb»bn ba npbia rriKWA 100 W bw mu :navrr 

?mun na*ix nyw-OKiib’p 

100 W = 0.1 kW 

M»n nbw n>A 0 AKn ,na>*ix nywa iabi 0.1 kW Kin kW -a mun paon 
0.8 kWh n’AUKn nans n»rm myw 8 bw naipna 0.1 kWh 




ft I© 
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n»-T>^>pn — *TA33. oin r>o»ba 6.4 


'tv mix Kin oin .nin mixa u*iaK« »33 ,o^3i “taa* paionw paorm 
n»AUKn n*T»n» awKn jiidk m»n»a nrraj m*noo»n ma»onw n* auk 

.>ik'a - n!?»Am 

:»"y nwvA m*T’n»n naval (cal) n»mbp roopA oirm n*r»n» 
1 cal = 4.2 J 1 J « 0.24 cal 


biK'Ab m*ni>poi ,0.24-a o»t>»aan m-ii^p* ^ik' aow mniK riKt 

.4.2 -a D’^»aan 

oirm mmo iivoni ,Q -a (m»*ii>pa) mnn mm jik iboj ok 
p = IU :K»n n»Awa (>iK'Aa) 

(n»mi>pb nay> >tj 0.24 -a *»a3i) 


= 0.24 IU 


Q = 0.24-I Ut (6.5) 


:1K301 


oirm mm *na .5 A '99 ov nipi 2 Ttnaa o*m 10 Q 're *TAja rrmvvr 

?TAin o^ati 


0 = IR = 51D-50V 
Q = 0.24 5 50 120 = 7200 cal 


: 11103 
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plan oio>o 


: •nnonw o»trmn o*«nnn 


rrrnn 

m*r»n» 

)n»on 

itnan 

. nr#< notn rcnsm n»vuKn mao 

W 

P 

>bn«n paon 

.omt» roainn n*njnn mao 

cal 

Q 

oin n»A*ijK 


: >npnw mxntmn 


P = IU » I 2 R = ~ 
n 

E = DIt 
Q = 0.24IU-1 

: mpne mt»n*n 
1 sec -a 1 J * (W) »m 1 

4.2 J ■ (cal) n>mbp 1 

- (J) 1 

■ (kWh) nye wmi7»p 1 


0.24 cal 
3.610 6 J 




nibKo 


oaana aavn 40 C bo ivon aaKno n’bK’sioian n»AaiKn »no .1 

?2 V bB D»bK*2tlOia 

.24 V bo o*bK*aioia oaana Kxm 50 Q bo aAi .2 
?n»ioa aAia naaiyn iy©nn nina >rm .k 
?n»io ba bAynn in npib aAino nuaiKn mm >rm .a 

?oinb lainn paorm inn .a 

lona 100 W nan nobiao (n»aibpai biK'Aa) n»AaiKn mm »rm .3 

?np*r 

?nniaAinn »nn .100 W/200 V aina miA by .4 
.npa -jona 2 A bo tnt ia aaiy two 700 J bo n*AaiK -pis aAi .5 

?aA in paon inn .k 

?aAin niaAinn >rm .a 

?*TAAn by o’bK’Sioian man inn . a 

paon inn .24 V bo nnnb aairm Kinoa 4 A bo oif iha >bnon yiAn .6 
?60% nib’Sin on np*r *rona rrnayn *nn ?yiAnn 
.20 V bo nnnb main 30 W/24 v n»by ainao miA .7 

?miAn niaAinn »rm .k 

?oann npaon inn .a 

asnai 100 w ipaon iiwon axna .om»n »asn 2 bya Kin om»n nun .8 
?a»aann *ioa mum bn nviaAinrm on» inn .200 W ipaon *ion 
bo inn rraoi 1 km *piNa noinj b»na Din no*ba apy o»aoann i»n» rm .9 

?2 A bo oat laaa oait dk 1 mm 2 

nbo n>AUKn na»nxo »aa pibab 75 W bo nail na*as inr nna -jona .10 

?5 kWh n»nn 

bo nuaiKn no’ax *nn .myo 4 iona any ba npbia 100 W bo mil .11 

?oi» 30 bo oam iona miin 

bo na»as man »bnorm nunn .myo 5 lona 220 V bo nnnb aam iaax .12 

?iaasn niaAinn »nn .2 kWh 
.10 A bo oan 220 V bo nnn inis yiin .13 
?n»io iona nt yunn p*anb in»io naiayn nina »nn .k 
J -a) 7nyo iona m yunn p»anb in»io naiayn nina >rm .a 

.(kWh -ai 

niaionn nunon i>n aa*a 30J! K*n yunn bo mb*am ok .a 

?’a -i ’k -b 
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o*nn niaa »nn .5 A bn tnn 220 V be nnn tiis naKen be yiin .14 
.np*T iena 20 m be pniyn aiKob naKenn nbia»e 
.100% K»n naKenn be mb»sine noma .k 

.40% K*n naKenn be mb»sine nmna .a 

nanynn nib*xi .baen nx»b mix bxin o’n baa nanpa Kxnin aie» .15 
K»en na»*ix nyea .100 m be naiAn o»ban o»nn ,60% x»n bnen npanb 

.220 V be nnna 1000 A be tnt tiix aie»n 
?baenn ma»a*iioa n»ie ieaa Tiayb na>*ixe o»an nina >nn 
naiAb 1000 kg o’bya yuan n*nya .70% Kin *bnen van nib»si .16 

.nip*r 5 nbiyan tan 220 v Kin yuan nna .20 m 

?ynnn paon inn .k 
?n"e 50 nbiy 1 kWh ok rrriayn n»na inn .a 

,P paon in ik u nnn npnb nainne R *ni .17 
?2R be taj be paon n»n» rm .k 

?R/2 be -taj be paon n»m na .a 

?2U be maa R -taj be paon n>n> rm .a 

.nipt 2 *pn no»mb ny 20°-» o»n be mini maa oana oipaip .18 

.70% oipnipn nib’Ki 

u»opn ok o»n be nbiaa maa oipnipn onn> iar nna fin .k 

7o”ie »a miiAinn nK 

nK ib’tAn ok o»n be nbiaa maa oipnipn onn» tat nna im .a 

7o»»ie »a rmnn 



niiJNwb matvn 

V 

80 J 

.1 

q=0.48 C 

• K 

.2 

AE p = ll. 52 J 

.a 


P=11.52 W 

. A 


E=6000 J =1440 cal 

.3 

R= 

4ooa 

.4 

P=11.67 W 

• K 

.5 

R=2.91 a 

.a 


AV=5.82 V 

. A 


P=96 W 

.K 

.6 

W=3456 J 

.a 


R=19.2 a 

.K 

.7 

P'=20.8 W 

.a 



II 

to 

.8 

P=68.8 W 

.9 

t=66.7 h 

.10 

W=12 kWh 

.11 

R=121 a 

.12 

W : =22D0 J 

.K 

.13 

W 2 =2.2 kWh 

.a 


W 2 '=0.66 kWh W, '=660 J 

. A 


o»a iw’b 336.7 

. N 

.14 

o>a 134.68 

.a 


o»a 374.1 

15 

P=933.3 W 

.K 

.16 

n"w 3.89 

.a 


P 

2 

. K 

.17 

2P 

.a 


4P 

. A 


t=120 sec 

.18 

t = 60 sec 
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tm - 7 rna 

7.1 


o»*mi row ni3ipaa o»333ian o’bivn 1131133 pioyj m piaa 
mull o*tii bo nuiwi 3i3»nn mnuoK roe *>*dj , 0*110 o*ai3**3 

.nine o*3iya3 3*33 'n 3y o»3xiin o*rowni o>mtn roe 


’bqion Avna o»*ta3 ~na»r> rn“nx 7.2 



. ii33»n noo oioan *b>aonn 3iyan roe 
. froe Tin -rr#e row 3ipaa 333ia Hin 
mm «< xixaP ioi3*a m Piya 3inaP 
:omx pin *"y mPpo roet moyi? 3oax .3iya3 


(7.1 ii-x) 


r -s 


*rn X3pin .mx 3ii roe*xa »"y m iuya* iiam? non 3roe *iya 33 

.3iyan n... .j 3 3ityn ne- tjj roe*xa .R T -a_jaioai 3ipo 

.(in n*aitn ro< xisa3) 

3i3»ni mol 3i3*n :3iyaa o»3ii 3i3*n3 o* m*o*o3 ni3ix >jio 

.t>»3pa3 


«l R 2 

-A/VWVW 

3103 313»n 


Ri 

—AAAr~ 

—WV— 

*2 

3*ipa3 3i3»n 


(7.2 31»S) 

3ipon 3im roe*xa3 nnoiin roe xsan n3x 3i3»n rmisa nw 33 3*31 

. n3pa 333 
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mva o»‘TV 3 Tia’fi 7 . 2.1 


?-m»a o»*i:nnn im> in *iw o’yn> *t»n ,ba o-np 

■nm T>*r mayb a»»n o»nAin -mu ttt mitw o*nn ba on 

. vioa D**iainn o>*njn tN , »Awn 
*Aab navn nnoan o->tb v on 


—'VW-AAV-, 


i 


—WVtAW—: 




III 


da»n o’ffimi , »At>n fAAn 
-na»n ia»n ~na>nn ,o»nw 
.-noa 


( 7.3 *n»x) :N»n nutnon mponn iabA 

. min -noa o’-iainan o»~TA 3 n boa o-nn 
:( 7.4 A ti*x) noa o»nainnn d»taa ntnbw by banoA 


AA/VAWA/W - ■ “AAA r 

Rl R2 R3 R j 

( 7.4 A n»x) ( 7.4 B n>x) 

bott onto on inoi ,nm o’fjjn in ton ba *itt onto onn 
I = I, = l 2 = I 3 .1 niNa 

*ai»nn nnnn npnn obo aia»o o»tny awo ?nnnn ov no 
•pis bN’SAoian ,(D n-npA) »b’bwn nxpb ayi (A rrnpj) 
nt o»bN>xAOAa man asv nnnn npnw iivan ,e -a nmb 
V D = V D ’ V A * v A ’ :o»oinn by da’n nnnn nnn» .bAyna 
by nnnn n»n» nn !nn« latNa Nb baN .o>aAAn by pn N»m 
:» Nin o>yn> nnANo ba .AniaAAnna nbn *taa ba 

e * U AB * * ^CD 
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'TDK inpw *ni oy t>ayn!? 'y>vrsr\ nx lion!? o’sit vnAx ox 
:( 0 = IR) omx pin rmyaw »nn (7.4 B tvs) 
I T Rt a II R 1 * ^2^2 * ^3^3 

:v i>a pi mm tvmn toa mtnw vivan 

Rj = Ri ♦ R2 + R3 * • ••. (7.1) 

13ixa i?ax o»taa ntni>w vn naAitati pvan loom nvnpin) 
.(o>taa 'yv inaio aaon nvnb ina* ’inpy 
TA3n ,T»oa o»*TA3 Tia»na »a niipa nixTb ijvj 7.1 rmoun 


.o’-rAAna Tnx ion bitA van !?ipwn 



(7.6 tvs) 







: 1 nna 

R 1 

+ R2 

s 

2 ♦ 

10 = 12 q 

.X 

€ 

24 


9 A 


.a 

r t 

" 12 


A A 



It 

Ri = 

2 

2 = 

4 V 

. A 

It 

■ r 2 ■ 

2 

10 = 

= 20 V 



taao .o’*TAAn i»a pbrmn nnan Tipa pa’oc 24 V 'yv rman 
.*mv ^itao rman i>ya xin tjiv biTAn 



Rl=9 Si 

yS ' 

(7.7 tvs) 
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”»t>»apan" nxaan min!? tmoa o>aaina o’aijn ’iw : i nm 
ma»n int iabi R 2 -a omti> a»>n R, -a omtw oatn aa 

.2 A xin D»aiin »Jwa oatm >mo 
e = I t R x = I x - (R-| + R 2 ) = 2- (9 + 3) = 24 V 


b » apna o > ~r > a —i a n. > n 7.2.2 


?b>apaa o*aainn , ani» ix ,o>aii »jw« yaj -px , ba oaip 
."o”inn" »n» .i»a»sa o»ma»n »iw v* a>3 !?ab 
'y'o "o*»bAa"n 'ntf? niaaina anx au "?v n o>»bjan" >jip ox 

.i>»apna ma’n inf >3«n -mn mix 



(7.8 avs) 



at~ j WV 


(7.9 A ava) 


:b»apaa o»aainan o>aj3 noiao av aanoi 
nwiao aaa manion b -i A maipm 
Tmoa U AB o’ax>S3vmn tnan .o»aijn 
napoan ixaai , o»ajjn noiao aaa iaa 

: naiwin 

■ mm a»apaa o>aainan o’aAin aaa naan 


*3 k 


I-Il ^ 


i 

I 

—Ii— 1 

(7.9 B ai>x) 


:(I T ) 


0, =132“ ^3 

?oata naip nai 
v»»a xin awo .1 oat xxi’ nrtan aipna 
(I,) pan .axana xin iiiaxan naisn ax 
, 1 ’oaa (I - I 1 ) axvni R 1 iaa oait 
R 2 iaa oait l 2 .niassnn am »3wn nalxa 
.R 3 7 aa oait I 3 -i 
>aaan oata nii« o»a»in aa iaa o»aatn aa to 


*t = I i + *2 + I 3 

oatn ia oiat»» R x aipo a>3 xisaa o»xm umxw iivaa 
(e = U nr napaai I = U/R) onix pin nx a»xi I *aaan 
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e_e_ + €_ + e_ :bapji 

Rt R) R 2 83 



:1K3Q1 


(o»*m bw inwbs nsoa m»nb bo* »bb3 isixa *3 mtipin) 
.o»*tna aopab mnnon *nw r*y Nxai 


1 1 1 R 2 + R, 

Rt R] R2 R2 ’ Ri 


:0’TA3 w* 3WO 


r t - 5 ^ < 7 - 3 > 

5 3 5 * 5 ♦ ••• 5 iOMIB O’TJJ n W’ 1WKD 

Rj R R R 

1 a n 
R t “ R 

“t*H (7.4) 

.rcnvn mpoa p>onb »*td 7.3 nnom *nvo 
R^ * R 2 R 2 

Rt = rT+r^ * Rl R i + R2 


r 2 

lop r t n»n> 1 -a lap fan — _ - *o»anw 1110a 

+ l»2 

.R 2 -a 01 mon nnnai R, -a 

**2 ^ R 1 
R, *R 2 < 1 R, +R 2 < 1 

lop fan biptin -run bopaa non na*nap K»n ropoam 

. oonna mx baa am* 

■ - . ' * - 

o**ni »j» by banaj ?b*apaa aia’na aitn Jbana -rsoi 
:nnp o'lim by nnana 1110a .bopaa ooainan 
Ii -R, = I 2 R 2 

on»b i 3 b lion D>tnm i»a wvm 
out bmn 3 A 33 .nvi-mnrm 
.lopn oatn 


¥ a ¥ < 7 - 5 > 
± 2 Ri 
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: (7.ID *vpx) Nan PAynn 11 m :nnvrr 
?taa 'n tvt o*ifn inm PAyna tmn irra 


Ro = 10Q 

i—WV—i 

Rj =5Q 

Hwv— 




£ = 20V 


nN»jna Nbb mi>«> *nnab 4n*i : i Aina 

tPipw "taj 


(7.10 -ivs) 
20 


I. . " = = 4 A 

O 

1 T “ I, + I 2 = 6 A 
10 5 


Rt = 


10*5 


= 3.33 Q 


r T ■ l T - 3% ■ 6 A 


t e 20 _ . 

Ij, r 2 s 10 ,2a 


:t»Apw taa r»N*xn >"y an 


Nin tmn 8 Q Pw *tAia .(7.11 *n»s) Nan bAynn \ AnA :nnAVT 
.6 Q 'yv aAin tvt tmn inm .o.n.d -n inn .1 A 


Nani n.N.a -n jin ; Anna 
:R 2 fAjn mtya 
e = I Rj = 18= 8 V 



-W- 1 

Rj =6 n 


(7.11 *1VS) 


R 2 -8Q 

r-Wr 


ii 



1.33 A 


: lab n»n» R, *taj 3 mtn 
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O’~r a 3 abitaa -na*n 7.2.3 

o**mnan o* 7 »i non o’minan o’n 3 i>n> bAyan ,nnb 
taa bo >nAb e>bnnb n»bv bAvan jin numb >-roi ,b>npan 

.-nina Nin -rx»o 
.mva oioan nbioan bAyan by bonoj 
R, by bonoj ?nnab b>nnj io»na 
!Nb ?non o’mina on ONn .R 2 -i 
xmo »jab bsana R 1 pi mm 
o»mina on ONn ,R 2 -b y»Aa 
nnpj onb o» ojbn !Nb ?b»npan 
maa *3on *rxn bnN namoa nn>n 
nvnb o»bio> o»*tai »joo o*Nn nn3N .nnan npa on»3»n 
ono monb N»n nxiaj jnyo) !b»npan Nbi non Nb o’onina 
(! 1 m3 Kb nn .b»npan o’-inina on jn non o>mina Nb on 
.b»npan o»nnina on .R 3 -i R 2 -b iob nnyj 
R,R 3 : inb n»n» R T2 3 onbo bipo *TA3n 

T2 ' 3 " R 2 + r 3 

:(7.13n»x) rwn bAyan ntn bipon *TAjn jin’xb nriNb 

: inbi , non o’mina o>oAjn i>oovi 

R 2 * R3 

r t = Ri ♦ r T2 ,3 = R i * 


ni’n) Nan bivan iijij : naAi~r 
7 nbipon nmjnnn 5 na .(7.14 A 

R, jin mnj iiono nbon : ]1 mia 
.non R 4 oy R 3 uni non R 2 oy 


(7.14 A m>30 


1 —WV— / WV —- 1 

^1 Rt2.3 


(7.13 n»x) 



Rj-IOQ R 2 =5f2 

-A/W—VW- 


R 3 =2Q R 4 =30 

—WV—V\Ar~ 


- II- 


—VW- 


K 1 

UaAt-* 


Rs 


(7.12 n»x) 
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R T1 2 = 10 + 5 = 15 0 





Rj 3 4 = 2 + 3 = 5 0 
:(7.14 B -n>x) Kin i»way bAvan 
5-15 

R T = = 3.75 0 :Pipwn -mm 


nvx) Kan *Ayan )«u :navvt 
?-taa baa oitn inn .(7.15 A 

3Q 

!?Aya Ji-pnaa yiwKi al»w : i nna 
.mpwn -mn r>K»xa Kin aana 
,anP ?aiw»nn tik ^»nnnt» ya»na 
.nnan upon npmm mipana 
umK« n>-mnn ,mpa ;?aa 

.oma’n misa o’nioa 
o’-nin ntnaw ntn i>Ayaa 

o’-iama nnan upaa o’pimn 
jvoa i»jyan ona»n *inKi> ,noa 
: (7.15 B ii»x) *ya 




(7.15 D *11>S) 


(3+3 + 6) 12 Q 'pv *mn 

4 Q Pw taj!? b»apaa naina 


4 ' 12 
4+12 


3 fl 


nvs) Kin i»way l»Ayani 
m»ii>w ba ,oi»ot» .(7.15 C 
:ya!?i noa o’-iaina o’-mn 
R T = 1+ 3+ 2= 60 
»bban ottn nK’xa Kin »iw a^w 
.^Ayan I T 


:oniK pina 
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7330 iivan .baynnn pbna p7 mu 2 A bo *bban tmn 
o**na*a , iabi .bsann Kin 1 Q bv 7 aan 7 riKb iioK 7 n bi 3 »aa 
2 fi bv mini 1 Q bo 7aan :o»7aa *aoa p7 oim hk ukso 
. aio normn Kino Tmb »bban tmn out ia oao 
Kxni 3 0 bv nij nt 7i*3a . 7.15 C 7i»3b 7 itm 07 pnnb >73 

.b -i A nmpan i*a 
1*3 nnnn .o’Tnian o*7ain nwiN bo bipon Kin ntn naan 
bo o»7aan by nnnn oa n»n* i*by nnnn Kino B -i A ni-ripm 
.nbK ni-ripj i*a o»7ainn on oa *3 12 Q -i 4 fl 
U AB = I T ' 3 - 2 3 = 6 V 

:n»n» ( 7.15 B 7 i> 3 ) o* 7 aaa ontn pbi 

14 - Y“! = i - 5a 


X 12 “ "12 x T2 = 05 A 

o» 73 innn o» 7 aa noibo bo bipon Kin 12 Q bo naano iii» 3 n 
2 777 onrn oa int ,nno o» 7 aan ba 777 o 7 tn nioai ,7103 



fl bo 7aani 3 fl bo o»7aan 
1K7» bayn 3 D*mtn oi3»ob 
:(7.15 E 71 > 3 ) 73 



iman *bK» 7 »K 7 ipn byo (n.K.an) nnnn 7 ipn by labanon i»oay tv 
nK7pan ibon ninaann o» nnnn nipnb oa ,niK>xn 3 .baynb nnn 
nanix nKtn ninaannno iiion n»i 37 Kb nyam nKt .n»n*aa nnaann 



nnaanrmo baa i 3 bi baynn bo nnnnn pbn 
.am* 310 73 nm* naop n*n*aan 
131 ( 7.16 71*3) 010a bayn by banoa 
ninaannb ma) bayna nvnaanrm ba 
bipo 7 aa * 7 * by niamon (n»n*aan 
.r -3 nanion n*n*aan ninaanrm ,R T 7 hk 


(7.16 71*3) 
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, *noa n via mb r n*n»ian nvmmm r t ninpwn m-TAiimnn iman 

:n>n» iuyaa mm 


^ -K 


(7.6) 


:n»iv m*iis*nn ni*vmnnn 'n by nnnn xinw r t aAin by rmani 


u AB = i t R t = 


Rt ♦ r 


. iasy e nnan -npaa iop .bAyab naan -npa ijiiib naan Xian ,U AB 

maAinnn bbAa inxya naan -npn 7 -n* I-r rtnarm pbnw H>n m»on 
U AB = € - Ir p~t bapn »iix>nn bAyani ,n>n>Aan 

nan o*xmp naan npn be (nnspn) o*p*mn i»a nnnn xine U AB naab 

. o»ptn 

:xin 0 AB o»jrmn naab 6 a.x.a -n i»a aepne aa»x-»a 


°AB » « - I* - S^'€ (7.7) 


24V 


-o-|i—VW-^n 


IQ 


no 


:(7.17 mx) xan bAyan pal :toavt 
? n’p*mn nnn inai .a.x.a -n inn 

by aiaae xin .a.x.a -n : i Anna 
e - 24 v : iabi naan npa 

: (7.7) mrva xxai o’p-rnn naa ax 


(7.17 n*x) 

U AB " JTTT 24 = 22 V 

.23 Q be mu *tjj ay nvon , it naan by baaon *r>eai 

?mxxian uni' oxn 

6 ■ 24 V :tmp ina axei .a.x.a -n 

®AB " 24 " 23 V 

!maen o’ptnn naa 

ai-mana > iba xini yiap ym u»x o»p-rrm naae matb aien 

. bAyab naainae r t a’AiX’nn 
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*rjjn dwkd .DAyab nain r n»a»A 3 nnAAnn Dya e nna upa : naan 
»Aix*nn tijn uskd .0.5 A DAyaa mtn n»n 47 Q l>w n»n »Ai*»nn 

.2 A DAyaa tntn n»n 11 Q Dw n>n 
?a»a»ADn nnAAnnn »nai .b.k.d -n ma 


o»>aya 7.6 nraui wanwA .(7.16) -a vixan ibd Kin DAyan onna 

. 0 >aDyA >A«a niKiiwa >nw iaD i>n>i 
e ~ e 


0.5 = 

47 + r 

23.5 + 0.5 - r = 6 
€ = 24 V 


2 = .... 

11 + r 

22 + 2 - r = 6 

r = 1 £2 


; 1 K 3 B 1 


£ r 
1— / vw _ 


B 


■AMr 

10Q 


: (7.18 *>m) Kan DAyan } inA : naAn 
Kin o’pnnn nna nina poaan *iwkd 
o'p'rnn nna mo poaan *iwkdi 24 V 
.b.k.d -n ma .23.5 v Kin 
?n>a»Aan nnAAnnn »nai 


(7.18 ni’*) 

nnai> nnw .a.K.D -n idDi ,o-it i>k nina bAyan *iwkd : iinna 
liWKin iinan ia iDin (nna nans h'p n>a»Aan nnAAnnn) . o»p-rnn 

.24 V Kin .b.k.d -no o»yri> unjK 

e = 24 v 


: (7.7) mono mtyai >aoti iimn ia ksba n>n»Aan nnAAnnn m 


23.5 


10 

10 + r 


24 


r = 0.21 fl 


.b.k.d -n iaw iivdd iian iii»aa tnt out bAyaaw mip *iwkd 
1ii»aa .a.K.a *ny w» ok p*i nnpD Did’ no) oir o»*nnb nxn 
1ii>A niwa ontnw iima .b.k.d -na aha n»n» o’ptnn nna ( *ta iAa 

.nfioua (-1) -d y>av iddi 


u ab = e -(-i)r= e ♦ Ir 
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A 


■wv 




(7.19 ll’x) 


i no~i > p > p~>r> 


7.4 


mu rrna upaa o’xanan o’oma o’biya unab liiab vray iy 

.ntb nr b’apaai nwi o’lainan o>-rai naaai 
o»y*n» Kb i»»*ty nniK on’jo jiki ni»nb n»biD» o’aoia o’ipa »iw 
Ib’ipan Kbi non Kb o’inina o’nan ini baya inKn .nnab 
.(7.20 B ivn) -TDK rvm npaa ini’ w» iwio >jtmi (7.20 A t»’*) 



(7.20 B n»x) (7.20 A ivs) 

. «liroi’p ’pin o’Kipan o’pin »aon oanoa nbK o’baya ni’nab 



y>ro-»»p b>yj o’n-it-n pin 7.4.1 



mn I nit iwo .naann b'nm 
Kin mbnann rmpJb y’Jai b»nn 
n*n) I 2 -1 Ii o’a*»f 2 -b pbnna 

(7.21 A 

oirb nbKn o’airn pa i»pn ma 

?»iipan 


(7.21 A 11’X) 



K3f* I mm A mum 3 n oiai* mm 3a I = I, ♦ l 2 laiaa 

.1, ♦ I 2 nnxa una 
0131 n»n naix3 on mip n»n not 
lo ?(7.21 B t»»k) -mn Dim -mi* 
-i I,) naix3 o*oiDin o*mm 33 
ni»n3 Vi* (ii3« nnii-ra I 2 

o»N30»n o*mm 3a -ro3 nil* 
(113* noma I g ,I 4 ,I 3 ) naixna 
. ibsv naisa iaoxa n 3 mro iii»db 
I, * I 2 = I 3 ♦ I 4 + I 5 :1331 



(7.21 B H’x) 


:>333 131N3 

33 no3 mio ran*3 o*oi3in o»anm 33 to :n»mtn pin 

.naixna o»Nxi»n o>a~ifn 


moon tN i 0 -a nxi* o*m Ii -a oiai oit iaoi ok 

:n»n* >canon 

Eli = EIo (7.8) 


*mNi o>yii' onn ooww o*n*n 3 o»oi3i o*ioa nmx3 r naiit 
?I 3 ina .o’yii’ o>ai( *iw o*-rai»i ,(7.22 *n»x) vif n3 



2+1+ I 3 =0.5+4 
I 3 = 1.5 A 


(7.22 *i!»3) 


: (7.8) rmona : i i-rna 
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3dp~ r> p o»nr>an pin 7.4.2 

(ra*3yn p->n) 



man aaa»3 


3*ran w> nna vipn 3w o»*rrxn »aw 
» 3A»rm *Txa 3N»xAOAan .o>3n>xav>a 3 
<B)*3*3«n -rxa 3N»*AOA3n a» nui (A) 
.n»a>Aan nniiann va-o nniwn n 3) 
3 two oaa w» *ii»o oa baa Ida m33Avn 
(n»a»A3 nnAAim i»k 


(7.23 3A»x) ia nA>n3 33aab nnan 3Apa 3a iaaoh 

.3aa»a3 o3t omra 3Apan« in»an Ant >3 ( + ) -n 3n (-) -n 
aa>a»dw main rou rman n>3y iaa»3 nab nrtan 3Apa aaao 

.A rmpAn 3 n B rmpAn ia 
(AA*3 B -3 A i»a o’iw’SAOAan man jan awn3 n*3A on 
T ioxA iai>A nnan 3Apa iaa» 3 7AA NAn (B -3 A -a) aAamn 
(J AB ■ “l € l :3apAA A»A33 (-) ab’o I’OAnb 

n a pa i a A *33 n»n 3A«»nn A -3 B -a nm 3A«»nn aaa»3 on 
U 0A = |e| :1D3A nnan 

.a.N.3 -n on 3»3aa nnN nfAOAA3 ompan »aw bn 3’3an3 »*T3 
p*mna nah taopaao iaa»3 ,o»aaa’3 »ah 3ya e taopaao 
: 3apnaA »3A>nn p*m3 nnan 3Apa 3a >3>3an 

ule - - T (7.9) 

.B -3 A -a NAn aAW’nn iaa» 3 naN3 


\> V B 

*-A/W —% 

a ° 

-► 

i 

( 7.24 3 A*x) 


3nan a* 3AA >7 >x *a* da 

3N»xj«ADn Aaa 7xn .o*3n»xada3 
.mm )AA'3a »A3n nm* nA3An 
nA3A 3N’XAOA3a mAr mm 

. TAaA 3N»XAVAA53 


>= 

CD 

= IR 

tN 

mm aaa 

*aa nab aAtrnn aaao on 

: tN 

mm 

AAA ’33 T> 3 D 

AAA ’33 

NAn aA\9»nn a'^’D dna 

U BA 

= -IR 







> * 
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: t* o*iAA’a >iw oy I nnjpn n*n» ontn oa ok 
U^ B = ?R (7.10) 

*aa»x) mtAinn oaa nna nApa oa Aa« yop AAb n*n» oka 
: o*TAp aakxov nAKnoAAD >nw ok nam (7.25 

U^ B = IR - T (7.11) 

-M/ W- • h * 

(7.25 nA’x) 

24V 

_ Kan bAvnn yop a Am :nnAVT 

:(7.26 nA»x) 
?B - A A OATApAiA 1>3 nTTOD Ana 

(7.26 *aa*s) B -b A -a kata 3A»»nn aaa»d :j_nna 

3Aw>nn aaa* ab n»aAan o’aaa»D 3 naan *AApa oaa mtn oa 

l) = 14 V : ADbA 

?nnK nna tApaa mA » ok n*np noA 
:(7.27 TA’x) Kan bAyan yop by banoi 
nr TA03 o’naAnan nnan mnApa »jw 
no i3l»A a "’an AHAK3 o>byAa Kb nrb 
.o>nnan tnan osya kah nnan ba 

: A3i»A 3AW*nn A^vaa kw ontn oyan 
20) = -1.5 V 

nam ariK nna TApaa nnA» w» nwKaw o>p>oa AAnAK Ar naAA*ra 
oa mA*n nniKa tn»AAA>ab ab o»wa baK ,nnan m*AApa nK 
. o’tAAnA o’antn ba jak nanj tK oa .ttik *TAja nm* w» ok 


U AB = (-1)10 - (-24 


w 20v sn 

~*0.5A 


(7.27 TA’X) 

U^ 8 = 0.5-5 - (24 - 
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J AB 


= E(IR) - E€ (7.12) 


maiwi rmou Papj ^xani 


Kin PAynn yop pm r nnAVt 

B 100 18V an 207 so 10V A :(7 ‘ 28 ‘ n ’* ) 

•—~W\H hVVV 1 HW\H ?iT A b nnnn inn 

*rr- 

(7.28 ms) 

Ee = 10 - 20 - 18 = -28 V :Ee nx -naia awm 

(o’aian 20 -i 18 -n .aio>nn pvaa 10 -n) 

.o’TAin Paa niio mtn« pi»an .E(IR) nx Tiaia awm 
E(7 r) = 1-(3 + 8 + 30) = 21 V 
U AB = E(IR) - re = 21 - (-28) = 49 V 

?mo PiPon w> ov mip nn 
»no pa nnn ai«>np n»PPa mou x»n (7.12) rmoun 
mipin o>xsi> iimx aiimnai mo PiPonn -two .nmpA 
ni»nP -pis o’Px’sioian tnan ,rmpA nmxP n*mni rm 

Uaa =0 .iaina oax 

i-1 I-, 


A 


h 


(7.29 ms) 

:*lina*i»p Po o’nnnn pin nx o»xsin Unix ixam 


E(IR) = Ee (7.13) 


:*mo PiPona 


20V 


12V 


xan PAynn pm : nnAi*r 
mm inn . :(7.30 n»s) 


A ion 

sn T 


?PAyna 



xin PiPonn oyan : pma 

5V 30 

H 1-\AAr- 

c Hi 

o>Pia> 

umx pPi *11 AO 

* ( f f r 

-♦-1 

3W>n 111’3 

aio>nn 

pi»D nx unaP 



pvaa 

aonp maj . UAisia 


(7.30 ms) 


.B mipja P»nm . pyon 





Ee =8-5-20+12= -5 V 

mrnw p»onb o»bi3» iaoak »b»bw rma iiba*p» maiyn ia 

.-pan ivi*Dn bAyaa our 

E(?R) = 7eR= 7(10 + 3*7+1+10*5) =361 
Ee = E( 7 r) 

-5 = 361 I =-0.14 A 

.Iivwn iii»d -taao 0.14 A Nin o*ifm 
?U AB rwian ina 

Ua B = E( 7 r) - Ee = - 0.14-(10 + 5) - 12 = -14.1 V 
.14.1 V -a B rmpia bx’SAOiana iiaj A rmpja bx»s30ian 

?U CA nnnn ina 

£ A = 0.14-(10 + 5 + 10) - (-8 - 12) = 23.5 V 
.23.5 v -a A mipia bx’XAoiann maA C mipaa bN**3oian 
»*o Tiroa’p »pin »3wa wanwA "ton bibona mi* w» nwxa 

.bAyan nx *nnab 
: (7.31 A -»i »>f) naAit by bonoi 
. o»a*ir na3 w» nr bAyaa 
maw in* 3 iiwxi abwa 
.(7.31 b *n*x) o»a*nb 
vnpnb bi3* o»a*irn iii»3 
1ii»3n *3 , >nn**iw iaixa 
.aiw»nn nb*nna yit* xb 


A 20V 50 F 12V e 



(7.31 A *il*s) 



(7.31 B -ii*s) 


.FABC ywpa our I, aim 
.CF yopa mu l 2 onrn 
.FEDC yv»pa o*iir l 3 onrn 
n*ai*n n*nn nxxmm n*T*aa 
i3*inaw iii»3n ,aiw*nn <iioa 
rx n*b*bw nxxmn oxi ,ii33 
(7.8) nnoi3a .*rian in»on 
o*n*irn i»a nwpn nx awm 
:F n*tip33 . 11 maw 


Eli = £ Io 


(1) I 2 = Ii ♦ I 3 




naou msmiii’K i*kC rrnpia 
(ii * I3 = I2) 

.rmnb u»by o»»byi nao -nano o»n*irb mow n’jnu» yjna 
.nriN nxucn iik sn «iiro-i*p bw o»mrn pinn .(nr mpna 3) 
.maoun nixiiwnn »nt> rot hum o»ruinn pinn 
uni* bibonn irnnaa (nnAi*fb ABCFA) . *mo bibon mu 

.aitnrm pi>3 m n> o»mia 
: 1 jrnaw e»iii»an »a by i»n> o»mrn *jn»o 
l r 3 ♦ I, 7 ♦ I 2 10 ♦ 1, 5 = 20 
15-1, + 10 I 2 = 20 

(2) 1.5-1, ♦ I 2 = 2 

I 3 15 * I 3 -5 ♦ I 2 10 « 12 (FEDCF) »1« blbtw 

20 l 3 ♦ 10 l 2 = 12 o» unab o»bia> ii»>n) 

(3) 2I 3 ♦ I 2 = 1.2 (ABCDEFA bibonn m 

I 2 » I, ♦ I 3 

1.51, ♦ I 2 = 2 rnixiiwon »ibtrn 

2 I 3 ♦ I 2 * 1.2 

I 3 = 0.154 A ; I 2 ■ 0.892 A ; I, « 0.738 A tiemj 
o’p’on unjx o»»avn o»n*un mnbw baw rrraiyn in 
.o’jidj i»n nb»nna iimaw ooivanw 


:f7.32 A -»i»*i xan bivrm niu :mm 



(7.32 A *11**) 



.« 1 iro*i»p b« o>n*nn pin 2 abw 
(1) I, + I 2 = I 3 

(ABEFA) ujo bibon n*i>na - 3 abw 
Tiro-i’p bw o’nnnn pin - 4 abo 


(7.32 B 11»S) 
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I 3 • 10 + I 3 • 1 + Ii • 15 + I, • 7 ♦ lr 1 = 10 + 8 

(2) 11 I 3 + 231, = 18 

(ACDFA) n jo biboa m»na - 5 abo 
(BCDEB «tOU ’*103N biboa) 

Tinafp bo o>rman pin - 6 abo 
-1 2 8 - I 2 1 - I 2 10 + I, 15 ♦ I, 7 + If 1 = -12 + 8 

(3) -19 I 2 * 23 I, = -4 

" :N*aJ niNiioan wibon 
I 3 « 0.94 A ; I 2 = 0.61 A ; I, = 0.33 A 


24V 


3(1 

-MV 


:(7.33 A *n»s) xan bjyan 11 m : naji*r 
?ajj baa men ma 


(—AAV 

2Q 


vw-H 


in 




-aMt-I 


(7.33 A ivi) 




V 3 

V 4 _> 


B 

C 

(7.33 B n»x) 
2Ii ■ SI 0 

(1) I, = I 2 ♦ I 3 

(2) I 2 = I 4 + I 5 

(3) I 3 ♦ 1 4 = I 6 


*p2 Nin ir nbNia »oipn : i ima 
*noa Nb 0’iaina obia o>*njnw 
?. .b*apaa Nbi 

(7.33 B -ti’K) o»a*n m»na - 1 abo 
.naix nmpj *jio i»a Nin cm ba 
icD - I 3 BH - I 2 FGAB - i! 

.DEF - 1 6 HF - I 5 HD - I 4 

o»o naa o’vti* unjN nr abo inNb 
.niNiioa 6 *poxj iabi O’abyj now nb 
. *lina*i*p bo o'imn pin - 2 abo 


B naisa 
H naixa 
D naixa 

(noon n’xmiDJ’N inn Nb F naix) 
:«linavp bo o»rman pini o*biboa imna - 3 abo 
I 2 -2 + I 5 2 + I, 3 = 24 ABHFGA 

I 3 •4 - I 4 1 - 1 2 2 = 0 BCDHB 

I 4 1 + I 6 -3 - I 5 2 = 0 HDEFH 

innani o>abyj nooa niNiioa 00 *>in3b inn ban yj»a ojbn 

:Nin 

I 1 = 4.33 A ; I 2 = 2.85 A ; I 3 = 1.48 A ; I 4 = 0.21 A 
I 5 = 2.64 A ; I 6 = 1.69 A 




133 


n»n» an bov/nn tivj~i 7.5 

ik n*aoa npaonw reran ma a®» rein oiniK u»k bn®nn nwaa roinn 
ma>aKa aaai ia byi) i*aib»n rein Kapjn rein mr , aasn paon 
1»aib*rei rein b® niyxinn mnan by banonb inu baK (14 paaa 
b® a®> rein aipn Kin reran aipn® iab n»u . a®» rein nr n»n ib>Ka 
Kin reran , b®nb a"naKa .bKao>a bn®nn nwaa nnnn inr) 220 V 

.(110 V 

»nw 13b ®» .nrb nr b*apna ouaaxn o’aainn n*n>an bn®nn nwaa 
in iaax imm ik naom b’apna aia»na® K»n miwKan na>on ,ma>o 

mm hk m®n m»K biynn 
ba by »an ,o>anKn ouaasa 
Kin nnnn ouaasn in anK 
na»on .nia»®» aipnn nnn 
iaax pmb inuw K»n nu®n 
ouaaxa mm npoan Kbb ariK 
ibK nuian >n® .o’amn 
. >aiv> aiama nia®aKnn u»k 
• lou iaax ba aia»n® iivan 
onn obaj pbi baj paonn bai earn® baa) oniva iany> Kb ominn® 
o®b .(o>»ion ab®a o*yapj on® ay nni> o’nnnnn o»oinni am» biai 
nK®n ani» ®»>a om n®ub nui ®Kan yia» Dipna o>®iy nu iip»n 
pan oinb.yia* oipna n»n> nr oin ya pi ok® *aa bivna o»v>inn 
oarn jik yaip i»mn lay . (mbAAKa fuse) i»m o»Kaip 
10 A -n biaA oarwa pm» ,b®nb 10 A b® *r»m . laaa >bn’tonn 

.laaa oiar» 



(7.34 ai>s) 

mao nn»»p »bban oarn jik b’ajn 


naisa 100 W/220 V b® mail laain 220 V b® nnn aipnb : nnna 


e 


8A*pJi3 




6<J. 


n-I = 8 


: nKan 

uab aanb inu mau nna 
7pm * i»mn® 


P = UI :oar oair nail baa : ilana 
! = P = 100 = o 45 A 

1 U 220 A 


(7.35 ai-s) 


n = 17.6 


:8 A b® oarb inai* mail nna a®m 
.17 iab Kin maun oin’oan 







134 


pnan ma>o 

: u*o»n* o*rmn o»»*ian 


main 

m-r*n» 

1»»o 

Atnnn 

nnnn ~npo >v rrnon 

V 

€ 

.n.x.a 

>a is’rm PAynn 'tv nnwi 

V 

U AB 

n*prm nnn 

rrnnn npn nitAim 

Q 

r 

n»n»A0 niaAAnn 


D*o, ♦ o 2 ♦... 
i = i, * i 2 =... 
R = R, ♦ R 2 ♦ •.. 

0 * 0 , * 0 2 *... 
1*1, ♦ I 2 *.. • 

1_ 1 1 

Rt R, R 2 

R, R 2 

Rt X R, + Rj 


Oab = Z(IR) - zT 


:u*ia»rw rmrmn nixntmn 
:noa o’Ttaj na>n 

:Vapna d’-taj -na»n 

:*>apna o>*taa »j» na’na 

:P>apna o»m D»*n) n na*na 
:B -i A maipj >jw i»a nnon 


:T»naa’p >pin 

o’mtn oiaob nnw nnixT o»ojajn o»n*nn oiao :o’mtn pin 
El* = SI 0 :n»isrro o’xxi’n 

o*nn nibaaa oiao;? mu .a.x.a -n oiao mo biboaa :o’nnnn pin 
Ee = E(IR) tnnAinna 




•> 






o*Kan o’iavna o»*mrm tnK ion onto inn 


.3 



(1) (2) (3) 



(7.39 ni’s) 

?R -rain inn .5 a yo K’n «an baynn >v n!?ipwn ni-TAjnrm .5 


40 80 



(7.40 n»s) 

main ntno .20 a nn*n nt?ipwn tmn»nm noa main omaa »it» .6 
?DH»n nnaann »nn .3.75 a ruvn ninpon onnaann i”apna 

o»pann nnn mm . n.K.a -n inn .k .7 
: (7.41 *>i’s) Kan ioyna 
man* ok o»pann nnn n’n’ nn .a 
?b’3pna 5 C b» <ioia *taj 
man’ ok o’pnnn nnn n’n» nn .a 
?noa 5 Q non aaa 



(7.41 m»a) 







.11 


ok nbipon onmiim mop n*tm too »a .*noa o»*iaina o»m o’*m n 

?b>apaa ojv»k nam 

on 110 V b» nnab ton bo may van hvm »nwa wnnwnb in»J i>n 

?220 V bw Ntn bia’Jb ’Ioann nnan 
?7.45 nvaao bivaa 20 Q bo mm paonn ina 



.12 

.13 


(7.45 ivx) 


.1 V N^n 4 Ci bo *njn by nnan .14 
:o»Nan o*biyaa AB ni-npjn i»a nnan ina 




(7.46 avs) 
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K»n (7.50 -tvs) aAyna naipwn nnAinnn 
?R -tAin inn .10 Si 


(7.50 *ivs) 



K»n T. 51 nvsaw aiyna naipwn nvTAinnn 
?R taad inn 30 Si 


(7.51 *ivs) 



aAyna o»p*mn nnn inni .n.K.a -n inn 
?nnnn mupnn -rrtK baa 7.52 *ivsaw 
(m»n»A3 m*i*TAinn nn 1 Q aw o»*TAjn) 


(7.52 *ivs) 


nnnn inn (7.53 -tvs) Kan aiynn iina 
?bc .a ?AB .k miKan nmpAn i»a 

24V in 4 n “>v ln < n 

—11—WV—VWH |J WVAW- l 

D BV T 


2V 18°. in 2p v 


hgA/W-)i—VW-^w^j—Ac 


in B m 1 
(7.53 ii-J) 



ay nnnn .(7.54 -tvs) Kan aiynn i im 
.2 V Kin 4 a aw tAin 
?1 Si *tAAn ay nnnn inn 


(7.54 *ii’s) 
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(7.55 U’S) 


po aorw o .(7.55 ivs) Kan tuvnn iim 
__ .2.5 >3 nPiy >aPon o*ttnn uao 



?r aAan irra 


.(7.56 *u»*) Kan iuynn pm 
.16 V n>p*mn nnn nin3 poannwa 
.14.5 V D»p-mn rmn uao poDnnoa 
.n.K.a -n inn 
7n»n»Jon nnAjnrm »nni 


(7.56 ivi) 

.P pson mnu u rmr£> mainoi R rmmmn* mu 
?rmt min mu Vapna aainn ok mun paon n»n» nn .k 

?nnt nuo min uoa lairm ok mun paon n»n» nn .a 

?o**ipnnn ttik loa >»an paonn n*n» nn .a 
.(7.57 n*jf) Kan iuvnn pm 
f”~ I j ?mu aa 'pv poonn inn 



(7.57 u»s) 


main 10 Q 'ro o»m o»*taj rana« 
.(7.58 u>x) r#an n*ma 
o’TAjnn *mx Pa a» »an*oann poonn 

.6OW Kin 

»i>n»oaon »bnwnn p3onn inn 
?na*iynn aa >v 


(7.58 H»x) 
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10V in 40 



(7.59 H’*) 


C lon A 

HVW- 


50 


1 0V 




.(7.59 n>s) Nan b>ynn pm .28 
?o>*mnn *mN baa mm inn 


.(7.60 n»x) Nan biynn pm .29 
:niNan nnipin pa nnnn inn 
?CD .a 7AB .N 


(7.60 avjf) 

m so 

—WVH (— 1 VW- 

40 lO 10V 

—AW-WVh f- 



.(7.61 n»2f) Nan biynn pm .30 
?o’TJjnn ton baa mm inn 


10 Q bt> *fijn by nnnn .31 


?o»Nan o*biyna 




(7.61 *ii*ae). 

B -i A mtipin pa nnnn inn .2 V Nin 


( 1 ) 


( 2 ) 
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*ni 5nn o-nn nnsiv »nn .34 

.D*mna o*poann nw>o .k 

.-mo S-| poann -iwo .a 

.o’TiJo S 2 -i S-| o’poann mo»o .j 



(7.65 ->vs) 



2on 


5n 5y D’p-rnn nnn inn . n .35 
?nnnn niupnn -ton 
? 20 £1 5w -nan o*nn inn .a 
maiwnn niinwn vn tx» 3 . > 
aninn n»n e 2 nnnn npn on 
?- pan in»3a 


(7.66 ii’s) 



an* 53a Ditn inn 
(7.67) n’xnv 5ivna D>u)nn 
?nnnn nmpa 5y o’pann nnn inn 
?U AB nnnn inn 
(ni’n’ia nimjjnn on 1 Q 5o onnn) 


. N 

.a 

. i 


.36 


(7.67 11*S) 



nnnn mm 5iyna o>n*nn onn .37 
?B -i A nmpjn i»a 
.nina poann amo . n 

. n jo poann awo .a 


(7.68 avs) 



.(7.69) -n»xati 'yxvni mun paon 'inn 



(7.69 n-j) 

(7.70 -n»s) Kin bAvna a»iAinn ttik ton mm inn 
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mbxwb mum 


R t « 7.5 fl (2) 



R T =12 fl 

(1) 

.1 

R t =8 Q (3) 



R t =2.4 Q 

(2) 


R t =5 fl (4) 



R t = 2.5 fl 

(3) 


R t =4.5 Q (5) 



R t =2 fl 

(4) 


R t = 12.5 fl (6) 



1^=2.67 Q 

(5) 


1=0.7 A R t = 17.2 fl (1) 

.16 


R t = 4.545 fl 

(6) 


1=4 A R t =6 fl (2) 


1=8.33 A 

R t = 2.4 fl 

(1) 

.2 

1=3.66 A R T =6.55 fl (3) 


1=2 A 

R t =10 q 

(2) 


1=6.14 A R t =1.95 Q (4) 


1=4 A 

R t =3 fl 

(3) 


5 A I 1 =I 2 =2.5 A 1=10 A (1) 

.17 


1^ *I 2 = 1 A 

(1) 

.3 

2 A I, =1 A 1=3 A (2) 


I 2 =4 A 

Il=2 A 

(2) 


I 3 =I 4 =1 A 


I 2 =I 3 =1 A 

1-1 =2 A 

(3) 


: 1 =i 2 =ia 1=2 A (3) 



R T =5 Q 

.X 

.4 

I, =1.818 A 1=2.73 A (4) 



1^=3.75 fl 

.2 


I 2 =0.909 A 



R=2. 

a 

fs 

o 

.5 

R=2 fl 

.18 


R 2 =15 fl R, 

=5 Q 

.6 

R=13.3 Q 

.19 

0=10 V 6=12 V 

.X 

.7 

U,=23.6 V 

.20 


U=8.57 V 

.a 


U 2 =20.4 V 



U=10.9 V 

. i 


0 AB =-16.33 V 

.21 


U AB 

■2 V 

.8 

U BC =26 V 



U AB 

=8 V 

.9 

> 

1 

II 

0 

£ 



1=1 A 

(1) 

.10 

U da =-5.65 V 



1=0.5 A 

(2) 


U=2.17 V 

.22 


1=0.615 A 

(3) 


R=10. 44 Q 

.23 


n 

2 »3 

.11 

r=1.15 fl €=17.85 V 

.24 


*m>2 

nam 

.12 

P .K 

.25 


P,=5 W 

.X 

.13 

* P 



P 2 =2.64 W 

.2 


4 - 3 

p 



U ab =1.5 V 

(1) 

.14 

2 ' 2P 



Uab=1 V 

(2) 


P 2 =2.9 W P,=5.13W 

.26 


U A g= 3.24 V 

(3) 


P=90 W 

.27 


U AB =1.25 V 

(4) 


; 1 2 =0.13 A ; ^=0.58 A 

.28 


Uab“1.7 V 

(5) 


1 3 =0.71 A 



R t =2.08 Q 

(1) 

.15 
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I, =1.493 A ; 

I 2 =1.152 A .a 


U cd =15 V U AB = 5 V 

.29 

1 3 =0.341 A 



; I 2 =1.533 A ; I, =0.944 A 

.30 

U ab =-4.189 V 



I 3 =2.478 A 



P=6.38 W 

.38 

U ab = 52V (1) 

.31 

It =2.074 A 

I 2 =0.96 A 

.39 

U ab =11.75V (2) 


I 3 =1.114 A 

I 4 =0.3035 A 


U ab =4.815 V (3) 


I 5 =1.417 A 

I 6 =2.3775 A 


"t-3 W 

.32 




R t =R (2) 





R T =1 O) 
Rt=^ (4) 





1=2 A 

.33 




I 1 =I 2 =1 A 

1 3 =I 10 =0.5 A 
I 4 =I 5 =0.25 A 





I 6 =I 9 =0.125 A 
I 7 =I 8 =0.0625 A 





1=1 A .x 

.34 


1=1.147 A .a 
It=0.706 A 
I 2 =0.441 A 
1=2.143 A .1 
I, =1.508 A 
I 2 =0.638 A 
I 3 =-0.335 A 
I 4 =0.973 A 
I 5 = 1.174 A 


U-| =U 2 =15.61 V 

• X 

.35 

1=0.78 A 

.a 


I, =0.072 A I 2 =l.566 A 

.X 

.36 

I 3 =1.494 A 

U 3 = 8.506 V U, =6.072 V 

.3 


U 2 = 6.434 V 

U AB = 8.506 V 

. J 


0 AB =-6.08 V 1=1.08A 

.X 

.37 
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7VT>7a - 8 pnp 

K a gg 8.1 

i»n .niTAAnn ,oit ,nnn bw o»aiw»n , vray ay i)>wu o»ai«>nn 
T"is o>ion "taj tvt mtn inn , bwnb , nyab >*ra ,niN’sna . o>»*niNn 
,nbht m»Tn >"vwan by .o*nn to to*i>« rrptn *i>wan bAynb *ianb 
\ntn p*iaa *iaTA bAynb o>*iainn on tsoi on’niAian 

“lomDnKn 8.2 


R 

-vwv- 


(8.1 tvs) 

h 


R_ 


(8.2 11’X) 


. (o>*ianN nin) mt m’anb i*ron Kin *iomanNn 
,R taa xvt tnf Ti*rnb lAAima on 

_ inon , TAAb non non-iDTOn to *iana 

boa nn« nra oitnis o»yTi» iaoanb 
out -TAAa oiub o-itn boi ,o>3om 
:T>nn lObi.-ionianNn tit oa 
.^ n-Tnb nun xin iniN TAAb noa *iamn A lonianx 
T>nn ny»nan m>*rn vraa noAon 
(8.2 tvs) bAyn by bonoA .bAynb 
.nnn npnb mu non n*na iai 
o*i tn to to*i»w Tomanx nana *iwxo 
»o) nnn nina mun bapn,mian tit 


k 


i h 8 )-® j 


niTAAnn n»nn HAmanxbB n»n vty , iobi (o’»a«b pbnm mpnn nnn 
. moax nnAAnn ta> >bx’T>x Tomanxb . T«axn boo naop 


10V 




50 

■WH 


* aw 8.3 Ti>xaw b Ayna -.nnvvr 
ixt» nn .o>’bx’T»x onrananx 
?o'iomanKn 


'~®— J VWV-J 

( 8.3 11 >A) 



1 A 


o’Tomanxmi iivon : i nna 
niTAAnn ’Ton on o>>bxT>x 
;bAynn by o’y’atm oa’xi 
by ontn to TTin A 2 lomanxn 
:iabi 10 Q bw TAAn 



150 


r t 


5 10 
5+10 


3.33 Q 


*A1 


10 

3.33 


3 A 


. »3ion mm rn tt>o A 1 -lomooNn 


•wjfnanK .220 v 5v row i'ipnfo mam 60W/220 v 'ro mu :rwAvr 
nma .roTT earn jan -rrm5 *ta mub -noa nam 10 Q AmTAAnnw 



(8.4 -aa»x) 


:N*n rrmn mTAArm : 


P . Hi n U 2 . 220 2 

P ' R R = P 60 

R t = 806.7 ♦ 30 = 816.7 Q 

I = jj- = 0.27 A 
k t 

P - I 2 R * 58.5 W 


806.7 Q 

r-wmanHTi jwadta p*»i 
:nata lovaa mm 

:kw trmn mAAn paom 
.1.5 W -a p3 tv irmn poort 


nonoi* *> An 8. 


. (o»tpn 


AMAr 

R 


mn) row m*-rrfr *v «08 Kin ->©nobnn 
R TAJ 5v nnon jan *n* vt> nmA on 
•pvan ivapna -loaoinATA jtn 15 naro 
.o’aonn 5o 5v r>AAt> ivapoa nnnnw 
•tai^ ivapaa aatno ~ap>ap1>aa -pan )D5 
n*roi noao^AAn tvt mm jaaqdw Iod 
n»AnjN nara jaadd r>’n*/AjAA> roop 
n»nn *AV>ao3AAn jaataajata , p3 .loyaa 
>3N**T»N nOOOiJAAb . "AWDNJA 103 Vb'Ctl 


(8.5 3A»S) 


TA+9AOA ’N OATAAnn IVOTA 
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bAynb *iiin >bN»*f»N nwobAA :rwvvr 
.4 v room 8.6 Ti*xaw 
?bA yna »bban nnnn Ann 

B 

by man nx fnn -innobAAn : a Aina 
omaAnnn 10 Q bt> o»-r>jn »Jt» 
.onbw bApwn tjjti by osya an ,b»apaa 


R 

i 


T1 


10 10 
10 + 10 


5 fl 


_ Uar 
r T1 


| = 0.8 A 

3 


:NAn nm bApwn *TAia mm 


.1 a bw jvn’ian m-TAinnaA 5 D bn tiia da o*m nm mm 


e - 1(1 ♦ 5) + 4 « 0.8-6 ♦ 4 - 8.8 V " 



(8.7 ii»s) 


.8.7 *AA*xaw bAynn iaha trmAVT 
.D’bK’T’K D’lOnOblAD »JW 
YomonobAAn an*a» nn 

B»*TOm>bA>rw iAA*an : a a ana 
bAynb o’ymon Nb on o»bN»*r>N 
.OAW 9 >-aao Nm bAynm 



:nrmn TApn bt» o>prnn nna nx AJb nxta v, nonobAAn 
U, = e - I t = 20 - 2 1= 18V 


(U, = IR t = 2-9 * 18 V :R t bApwn -TAAn by nnnn i»9Ab»nb an) 
.4 Q bw tAAn by nnan hn Aib nxnn v 2 noaabAAn 
0 2 = IR « 2 4 « 8 V 
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-loonanN't •> -> bo » a n ~na*n 8.4 


on ok tko mwa noanaaKi noaobii n»mt-ia til by o>*iana nwKa 
:ni>ya ono i»x o’bK»n»K m»Tan >vraa iwkd .Kb ik o>bK>n»K 



.8.8 *ii»*at> bAyan ima ; na>vt 
.n»aioj»K inibAAnni 4 V rwoa toaobiin 
.n»03K mibAinn 0.5 A rwon lomaaKn 
?R 2 -a Rt o»-rAJn ona 
o»»bK7»K n*T»Tan »“>>raa : i Aina 
.bAyab o>y»nsa oj»k iabi 


•■lain 4 V Kin i»by nnam 0.5 A Kin Rt tAja o*nn 

= I ■ STB * 8 » 

niTAAnrmi R, nAin bt> nna n mm upon nn nb nnw r 2 tAin by nnan 

.n»a’Aon 

U R2 = 12 - 4 - 0.5-1 = 7.5 V 


r _ Ur? _ 7.5 . 

R 2 - I ~ O ' 15 “ 


IDbl 


by a n»n» nanjw na»n bo n»a’A3 nnAinn »bya o’i»waan -ioto ,baK 

.nianon 
:K»n nAIWKT J 111 W 3 K 


-AAAAr 

R 


<vH 


<*>- 


(8.9 A ni>s) 


J VW\r 

R 


<*> 


<*> 


*TAjn by nnan nK p»i*raa ma aoaobiin 
*ta jn by ontn iik oa *ma noanaaKn ban 
o*if idtt v>) noaobun by o*nn jtk oai 

.(’bK’b’K Kb Kin »D 
:K»n n»Jt» nnt>3K 
by Dim nK pntaa *ma noanaaKn 
oa nnan nK fna noaobun baK tajo 
i»by w>) ■roanaaKn by oai tAjn by 
.(»bK»*r»K U’K Kin >a nna 
(8.9 B n»x) inunon t»» na’rm nmsa nrw boa 

o*nn ok oa n>jat iai np»na nnsa -rvrab -«<3 k naw na»n tvt i»k 

.nnan nK oai 



■AAAAr 

R 




(8.10 ai’S) 


<*> 


aoaobu o*aaina R tja by : naAit 
,5 v nxaa Kim 1D00 a imtAJnnw 
nxaa Kim 5 Q innAAnn» aoaaaaxi 
.(8.10 avs) 1A 
?*tajti m-TAiim »na 


tx n-r*Tan *a»toa m»i*ninn nx iiawia o»npib ii»»n Kb ok : ) lana 

:o»xsia u»»n 


R . U _ 5 
R - I - 1 


5 Q 


.it nxxina n»n»nxn nxxinn npim nno nxas 
: 13TT oarn ax xixab o»bia» iinjK 5 V b« nna aoaobiiaw in»3a 

^ " ESS ' 5 “- 3 » 


Ir = la 


_U 

Ir 


Iu ■ 1 - 5-10" 3 = 0.995 A :Kin aAia oatn 

:x»n imTAiim 5 V Kin lAAn by rmanw iii>am 
5 


0.995 


= 5.025 Q 


m’ tan oinn namn 8.5 


nomooKni noaobiin 


K»n aoaaaaxai aoaobiia n*T»tan macaxa oia’oaab renun nbaAan 

.tnt JibaAa 

a>«oan .uiian *ba»oaan oarna bitAn oat rrman a>toaa out awxa 
>a>toaa anx ba bv> n*r*aan oinn nx b’lAnb in»j axo nxai . v>»J 

.mr»aan 


ivwanonK bw m»-ran oinn nb~rAn 8.5.1 


I 


Amax 




1 —-A/WV 

R s 

(8.11 avx) 


oat nbaia iai aonaanx by banoi 
.(8.11 ai»s) l A max -a laojw 
oat aiaa’ aoaaaaxnw nsai ok 
ntn oatn iaos» ,am» biiA 
.aoaaaaxn *raa xb oiatb 
?nxt nwyj *[>x 
.b»apaa taj aoaaanxb aam 
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tntn (n»^«Ka Shunt) R s -a inioni as*n xapj nt ajj 

:o»»joi> bxann (I) aianb o>xn nnjKW 

I = Ia * Is 

:mi» on»l>v rman b*apna o»aainn as»»m nomanxnti iivan 

Xa * R a 

Ia’Ra * is'Rs Is ■ 5 

K s 

Ia * Ra Ra 

I * Ia * — = I A (1 * r-) :bapji HKt a*xj 

s s 



o*nn oin "nMniMtta itwo ion 
Ra 

I max = lAmax‘(I + 

inn nyab o’J’Jivn h'p nnj«) 


ana? ionw *?n»oann oatn 
: 1 D ?1 »?n»oann 
dk aian? ?Aion aonasnxn 
»at>9K bax (laaa mtn) l A 
I natn to ia? two* iransrwmi 


nn ?a ,yiap Kin on»A»a a«pnt> }ii»an .(I irra k?n I a 
Ra 

.1 ♦ ^ :viapn mua I A aanjn mtn to ?»9an? nt i»aaw 



(8.12 avx) 


aonaanxn ?e na»ann oinrt ,anv iop n»n» R s a**nrw ?aa 

.am* ?iaA n*n» 

Jia»ian n»jwn n?pon .o*Kiaw nypon K*n a’tona rwya? «»« na»n*n n?pon) 
(»jw ?aiA mxanbi aro ban aian? in»Jw naipjn nanan iaix? pa 


.1 mA ay oat aian? ayi*n 10 £2 iniaAJnno aoaaanx : nnna 
?10 *9 na*ann oinn to ?*aAn? *aa *i»oinl* w* aAJ nr»K 


I Amax = 11D- 3 A R A - 10 D 
Imax = 10-Ifl- 3 A = 10-2 A 

10-2 * 10- 3 (1 ♦ i 5 ) 

K S 

R s = 1.11 Q 


:o»Jim :j_van9 

:«ani 8.1 mono 
:ial*l 


lop aAJ ?»apna uaa»n 10 *9 rrr*ann oinn to ?*ajn? *aa 


.9 *9 




n»s) Kan -inmanKn v>m :nnAVT 
»nirm nwiPt> Pva Kin nomanKn 

.O’iltt 

. 1 Q K»n mxy nomanKn nnAinn 
.1 A Kin 1 asna mm oin’oan 
nKn biD’w »bn»oann mm inn 
kh rn’tnn >ninrm ttik baa -ri-rnP 

jik Kxm i iw»n aann in : i ima 
. nomanKa mm oin>tnn 

= 9.18 A : p!?i 

= 18.27 A 

-lvmotJi in n*r»*r»n omn r>i>-TAn 8.5.2 



; {o. xo 
m»tn 


(8.13 n*x) 

1 = I A m.x*(l * o3> 

lAm.x - 0.091 A 

In,ax2 " 0.091 (1 ♦ ^j) 


Imax3 * 0.091-(1 ♦ 


0.005 


ok iai»i ,(nnn xp) Jmr ni>ai*n x»n nPaA»nn -ronoPna oa 
oit kP Pax *im» Pita nnn n»n» nonoPiin Pvw o*an unix 

.1103 taa ip vou mi* Pi*ta 


^Uwax *(fy 


U = IuCRu ♦ R s ) (8.2) 


(8.14 nvx) 

* Rs) ^Umax •Ru -n yti> nnnn 
:n»n» nonoPim mxp va nnnn 



p*riAa ian mm nx P»aa» Kin .nonoPim dki’w nn nn 

.Ru ♦ R s yiapn 
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.10 V bto final? iy *ma 10 Kfl imiAjnnw noaobn :navrr 
?100 V -tv Tn»’v »ia ioa*>i?v»b voini? v> m m»x 

: ynna 

l Umax = 10 ~ ^ q 3 * 10 -3 A :xin noaob-na ’t>a»oaan oitn 
ia R s *nj iioa nam 100 V -I? y’A» nnanw uJiana ax pbi 

:8.2 rmou »9i> ,n”pmw 

100 = 10- 3 (1010 3 + R s ) 

R s - 910 4 = 90 Kfl 

bvnn tjj *noa uaom 10 >9 rman oirm nx Viinl? **ra 

.9 ’9 


i ko 

r& 


:(8.16 ivx) xan loatonn pm :n»AVT 
10 K0 »ainn nvYpv bya noaoim im 

yyy~2^l I Kfl *wnes>pn nrrAJnn .ni’ia 

-AAAr*r^50 Kn 

aaa "3 | .IV xm nnan oia>oaa 1 axaa 
*ivn mx baa nnan oia’oaa ina 


500 KO 


AW 


?o>nnxn m»ian >ainn 


(8.16 ivs) 


: 11 toxin asan ia iono!?iin Pa’oaan oitn nx xsm : i uno 


I Umax “ Ry ♦ R s 11- 10 5 “ 91 10 A 


Ujmax = 9.110- 5 -(10 3 ♦ 50-10 3 ) = 4.64V 

U 3max = 9.1-ID -5 - (10 3 ♦ 500-ID 3 ) = 45.6 V 

:ixaai 
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~>v)oi J i V? An 8.6 

•mix b® mu® nnw »n® osya on aoaobnn oai noanaaxn oa 

.nonmibJ xapAn n*®oan 
ma» jo niTAJnn bya xin aoaaaaxn naiyb awx mt nn>anb n*®an inr 

.Rq - rmur m»x® 

bax oar-aab ix nna-aab unsaa iianb in»A - G aoaunbAn nx 
omn by nbaAan iabi) .oar a»an inn' may aoaunbAn napa baa 
.(oar nbaAa x»n aoaobiia ini aoaaaaxa in m*aa 

“iv>a*iani<b aoxa ->a •> tba 3 ~»r? » an 8 . 6.1 


o*jna umx ox .mans mtAinn bya a»®aa Kin aoamibjn 
.maAjnnn jik lb i»opnb o*a*ax umx aoaaaaxb ijiik Tianb 


—WV^i 



~©—I 


4-a/w- 1 


r 'S- 


(8.17 A ana) 

aaina m*nb *r»ax aoaaaaxn 
noanaaxn iina .aAJb nioa 
«lou aAJi aoaunbAn i»n» 
aainan taj »d b»apaa aainan 
(8.17 B ana) .maAjnnn nx i*opa b»apaa 

*TAjn) b*apaa t\i ib nam noanaaxb noauiibA -panb *aa 
maAAjm *p ani» i©p n»n» aa»an® baa .(nx*a xapj 
b»apaa o»aAj aia»na aiara) .am* mop n»nn noanaaxn 
(.aaaja m»iaAAnnna nnx baa mop a»an nbipon nnAAnnn 

Rr 

^ oarn nx aaia aoaunbAn 

nrn oarn bax ,I G laaa oairn 
umx . umx i*jya u*x 
oair oar naa nyab o»aia 
.(1 A ) .aAia 


^WH 

i 


^vw- 

Ig 


Rs 


(8.18 ai»a) 

on*by nnan R s aa*ab b’apaa aaina aoaunbAn® imaa 

.mi® 


t 








I G "<S 

U G - U s -■> I^Rq ■» I s Rs -*> I s - -=— 

"S 

-rmnai ToniAiima o»mm oiao Kin (i A ) -ma mim mm 

Rq Rg 

I A • Iq ♦ I s - Iq * I G - — - I G (1 ♦ —) :13l»i 


I A - I G (1 ♦ jk) (8>3) 

tntn nbaan »"y *TAAa mim I A mm nt 11 b nma nomaaKn 
Rg 

1 + 5- map mm Dim l G *mn -loniAiimnw 

R s 

mm nn on airo^ oipna .•vwaan nPpoa oiwa n>wvi rfraarm 

.I A mm nK o»ania l G -> o»Knnn 



namrw iiion 8.1 nrwn* mn vtoy n»^K uvAnw nnoun 
ro>an ina no»wn rmiKa n»t>yi nomanKn !n» m’tnn oinn 
P»apna *nc>n onann ompnn »jwa .lomDOKb aoaiAiimn 

,n’»an nitAAnnn jik i>opnn 

Tomantf? min o»aaini 50 a >v mtAjnn nomine a!? :naAvr 
aooAiii?Aa »;>n»oann mm .mapna 1 Q bv aAi >v na>n »"y 

?*)oaaaaKn niiAAnn »nn .k .10 mA 


:iabi Rq mapna nain 1 fl bv T*’an : 1 nna 
Rft-Rs _ 50-1 


= 0.98 Q 


T Rq + R s 50 + 1 

?ion*ioaKa tTT>*rni> in»An >ba»oann mm ma .a 
»bn»oan mm awna Kin lomanKa »i>a>oann mm : i nna 

.noauiibAa 

I A n,ax « Icnax U + ¥) = 1010-3 (1 + f) = 0.51 A 




?4 mA b» oat tnn aoaimbAa an aoaaaaKn r»n> na .a 


I A « 4-10 -3 • (1 + ~) « 0.204 A :8.3 noon >9b zjjnna 



aanb 1 ’as as»a nt>M .1 bA Kin lam aiayb bi3»n 
ay o»aar aiaab bi3>n aoaaaaKb iDanb »aa aaaunbAb 

?0.1 A 

aaaimbAa tntn awo n»n» aoaaaaKa >ba»o3an tmn : i iana 

.’ba’oaa 

lAmax= 0 . 1 A I Gmax - 1-10-3 A 

Rg 

^Amax “ *Gmax'(l * d ) 

n s 

0.1 - 10-3-(1 + ~) Rg - 1.01 Q 

-iv>gp^ i ib non a a a 1 ^ a ro > on 8 . 6.2 


lib lunaa nbpoa ,baK .oar pa aiaab bAioa aoaimbAn 
>93 .nbpoa o»aniD na >ibn) .nna oa niKab in>j a>toan 
nbiaA p>9oa nj>K aoaiAiibAn niaAAnn (8.22 avxa nKajw 
ib aanj aoaobnn niaAinn jik b’aAnb »aD .aoaobu b>at»a 

. aioa aAJ 


r 



1 — 
1 

— 1 
i 

i 

■ 4 - 

1 

Rg __ | 

— WA - 0-®- 

i 

1_ 

i 

_i 


(8.21 avx) 
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.R s btn be o»rman ono Kin R *nm byw nnan 

:nmo on*i«a mmw iivaa 
Ur = Uq + Ug - IqRq + = Ig(Rg * Rs) 


Ur = I g (Rg + Rs) (8-4) 


.U R nnan nK ruoa biK I g jik *ma -loaniibAn 



(8.22 n>x) 

oinn namnw inaa 8.2 rmoiib nan n»bK lAyAnia nntmn 
*m natnn bw inpy min *a by n»wyJ -roaabii bw mnan 

.mvn 

ia ’ba’tnan tmni 100 Q imtAAnnw loamibj imj :rram 
luaniibAn m Tianb ’ta non “Qnb w» *taa nr>K .1mA 

?5V iv inab bia»n noaobiib 


’ba’ton mm iwo n»n* noaobnia 5 bn 5 man nnan : ) i-ina 

.lomoiMi 

Umax = I Gmax( R G + R S) 

5 = 10- 3 (100 ♦ R s ) -> Rg = 4900 Q 

ia >ba»raan mmi 50 fl mnAJnnw noaiJiibA r»m : nam 
bw *taa *iia»n >"y noaobiib *roaijiibAn hk o*Dain .5 mA 

.inn 10,000 Q 
?*ioaobiin nnAjnn >na .k 

. loainibAb nioa naina *rAjn :j_nna 

R t = Rq + R s = 50 + 10,000 = 10,050 Q 




161 


?n*t’Tnb in»in ’ba’oaan nnan inn .a 

: i ima 

u max = W(Rg * R s) = 5-10-3-(50 ♦ 10.000) = 50.25 V 
7imA out loaunbAa ntpjo aoaobun ntna db .a 


; i ima 

U = Iq- (Rq + R s ) = 1-10 -3 • (50 ♦ 10,000) = 10.05 V 



mnn aoaaaaKn nnAJnn nnv iop n»n* TAjno baa .b’apaa 

.mi’ mop 

baa , aioa iaj na’n »"y noyn noaobiib aoauiibA na»an 
.inv nbi*TA n»nn aoaobun mnAJim am’ bm mm aAJno 

«l a ooo > a a a 

mtya nyi*T’ »nba nnAJnn m’*rab no»o Kin liooo’ii *ioa 

.myia» nvnAjnn 

.8.24 n’xno bAyana j»3nb *ioaK no’on ’aimao inpyn jik 

bo niAit ’job nna inu € .a.K.a 
nnt o»aAJ bo Ait ba .a’nr o’*taj 
o’pbn ’Job pbnna € nnan pbi 

.O’no 

d ab = u bd = 2 

°AC = U CD = I 


R B K 

i—WV • Wv—I 


A * 


I—WV-*-AAAH 

R 1 Ri 


(8.24 A H’S) 


8.7 
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m*k R, in R 'yv *pyn ai«n n* 
.d»iiw ooiin *ivv rrraiyn 
bx’xioion U AB = U AC -v 11 ton 
mipia bN»xioi9i> nnw B mipia 
R 2 "Til nani on . V B “ V c :C 
,(8.24 B tvs) C -1 B niTipia 
ooxoioia tnan toy n*n» Nb 
! 09N Tvn» 13TT m«l 13^1 
*11’X) O’AIB O’TAA O’Wl ON Ol 

1 »a onoo anti baN ,(8.24 C 
mi« n»n» o’liOyn o*tajd >iw 
o’ltmnn o»Tiin >io i»a ono 
R 1 R 3 

rI ’ rI 


, lirmnn pbna oai iioyn pana oa on*n miNa p^nn> e runnn 
Rg TAia o*nn .C rmpia axoioia* nnw n»n» B rrttpia bx’xioigni 

,o 3 N ia!> n»n» 


nvrt> bail o 9 N Nin ’yxnxn TAia o-irnw r*ni on ,rman nnxa 


.jin® noil .o’TAin i»a nm on’ o»’pnnw 


mm ooiOyn noun >j»a o*nn 



nanon uia on® i’no inon 
na»on nmxni c -i B niTipm jin 
o’limnn ooiin ooa o*nn oa 
iw’XAoianw inon .niio 
:nn® C -i B nmpia 
U AB B U AC U BD = U CD 


Ri 



IlRl ■ I2R3 I1R2 = I2R4 

r 3 

— :bapji nxiiona tin 1 ion pbm 

"4 

* 110 ) nxan ronynn i>y pi> ionoi 
o»yiT» o’TAi »i» bivna :(8.26 
R 3 niJitw tai ,R 2 -1 R 1 

*ya R x Tin nviT» ijiitjjtww 
B niTipin .nyiT’ »nt>a jiniinn 
.TonmibA »"y nnainn C -1 
o*nfw *ry R 3 niTAirmn nx oown 
. 09 N Nin TonimbAa 


(8.26 ti»x) 



163 


I G = 0 


:mn o>*mn on» mo 



:yvr* xbn *mn m Kiimb "wshi 


ion bjyna K»n viooonn *wo bw K»n qj ,*TiKn rmvi .took mw 
R Rx :(8.27 il'i) 

-'VW—X-WV- n . 

(g) 141 ,R W '*" T ’ * mn asuan bjynn 

L < y . L 2 *n*iM Thin b»m ,R X yit’ Kb 

. y ^ i nvninm S t>nK inn now bya 

. by minn , prrr’nK n’biio 

- I-_J 

(8.27 -ivs) I .boon 

by banoi oki :L idtuo 5 p*m ij’K*w *aa n»ibn R tjj jvminn 
.aaba L -a nbn R n»n» o’Jiwa Kb ibw S -m p-nw -pbin b»n 

R = ^ 

*a> by yob bia» »iwn n»yw aoniinbi narmn R x -i R nnon i»a 
.ODKb niv» ia oatms ty iraunbin m o>r»tn .*T»bion b»»nn 
PL, . L 2 -i L 1 o’aniKn m o’Tnn 


R X R 2 P L 2 ^2 


:w o»yn» unjK ook o*nnw rn> an 


R x = R • 


: iabi 
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paan oia*o 


W3 mop m*mm byi .aanin aAib aipa aaina .oat an - aonaaax 

.aoaxn 

baa .b»apna ax*n naoin *"y aonaanxn b« rrr»tan oinn nbaAn 
.mv bm na»ann oinn am* iop a*»nn« 

Ra 

V = I A0 (1 + R^) 


baa nbiaA nvnian bva .aanin aAAb b»apaa aaina .nnn an - apnpbn 

.awaxn 

baa .moa ax»n naoin »"y aonobnn b« na*nnn oinn nbaAn 
.ini* biaA na*ann oinn am* biaA ax»nn® 

U’ = I 0 (Ru + R s ) 

v .n»n»ja maAinn bya oat an - aonuiibA 

baa .b»apaa au aia*n »"y aonaanxb aonuiibA na»an 
.ini* mop aonaanxn maAinn im» iop aAinw 
.I G rot aam noaunbAn 


Rq 

Ia * led * r-) 
k a 


.I A m nxaa aonaanxn 


aAino baa .noa aAJ aia»n »"y noaobiib aonuiibA na*an 
.am* nbiaA aonobnn maAinn am* biaA 
.Iq nx aaia noauiibAn 
U = I g (Rg ♦ Rs) .U nx nxaa apopbnn 


.myia* m»iaAjnn natya nyia* xb maAjnn na*anb no»t» - nowM'i aoA 


R 1 R 3 
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nPxw 



’x naa 

: (8.28 avx) xan bAyan ]iw .1 


nxa» 

nnt 

aani> 

*T»ax 

pm 

.X 

TO 

*nna»w 

Pxa»x aoaaaax 



?^Ayaa 


mm 


nxa» 

nai 

aanb 

-jm* 

pm 

.a 

TO 

arra 1 * 

Px» 

a*x aoaaaax 



720 a 'yv aAJa 

mm 


TOT’ 

nai 

aani? 

T>ax 

pm 

. A 

TO 

aiaam 

Px>a»x aonom 



7bAyaa o*jrmn nna 


(8.28 avx) 
,12V 



:(8.29 avx) xan bAyan iana .2 
.1 A ’bx’fxn Totnuma mm 
xinw nrona aoaa^Am nxa» nn .x 
?PK>a*X 

?R *tAjn nmarm ’rra .a 


(8.29 avs) 


10 n 



anna 1 a innAJnnw aonaaax .3 
.8.30 avsaw i?Aya!? 
?aaaa9axn nxa> na .n 

nxa> rmi aart> *p*ix pm .a 

to aianm Px>n»x aoaom 
710 a *?v *TAjn >y nnan 


(8.30 avs) 


aawn 1000 a wminrw aoeo^n 
o’tJin *jw .8.31 avaao 'yxvnb 

.o>m 


24V ^ 


|A 

;R 

♦ B 

R 

c 


aaw> ok 

aonobiw nxa* 

no 

.X 

o»aijn 

awxa AC maipja 



:b o» 

3>» 



?i a 

(1 



71000 Q 

(2 


aaw* ox 

aonobvn nxa* 

no 

.a 

0*3330 

nt»o AB maipia 



:b O’V* 



71 a 

(1 



71000 a 

(2 


own 10 fi rmaunrw 

aonaanxb 


(8.31 avx) 

T’-w -rij nt»x .10 mA 'to m< 

?1 A n»n» rrvann owno »tj irm mxat x'y aarf? 

vas aai m*x .5 V 'ro rrvan own 1000 0 wminrw aono'jvb .6 
?20 v n»n* rrvann omnv »t> ivm u»xa3 x'y Tin* 

yr» mo *a .0.05 Q 'yo ail vapna lain 1 Q tmaiinrw aonaanxb .7 

?aonnanxn yo rrvann own 


im mo >a .100 kb yo *tjj awa *iaw 10 KQ rnvmnnw aonobW .8 

?non«b'nn 'yv rrvann own 
aaw 1500 Q wminno aonoim .9 
.(8.32 a vs) 5 V nxam a«> awa 
?*TAin maajnn »nn 




15V, 


(8.32 avs) 

I—WV—r—WV—i 

4 ft s~\ R 


2 n 

I—WV 


8 n 

-AAAH 


R aJ3n i>« *pvn nvnb *r»a* na 
oax nvn!? aoawbaa oarb oiavo 
.8.33 avsaw biyaa 


.10 


(8.33 ova) 
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R 2 Ri 1*3 on»n nvnb vas na .11 
ooK nvnb aoavnbAb oni'« 

.8.34 avsao bAyaa 

bya b»n rmaj 1 a iaaAK« bAao by .12 
.vriK inm rrvnK n’bno maAAnn 
■mxn 2 Aaain vbK b’apaa 

.yn» *nba »j»ni 15 ft bw 

pnaan awxa ook rwin loaunbm 
.(8.35 avs) 30 cm n»n AB 
?R m-mnnn »na .k 

ia»«» ok AB pnaan n>n» no .a 

?o”Aw »9 b-m Tu R otpaa 
baa 15 Q bw aAJa oatn Ana .a 
?o’apnna anx 

*a nan 

1000 ft imnAAnnw noaob-n .13 
Anain 5 ft AmnAAnno noanaaKA 

aoaaaaKn .(8.36 A a vs) aajb 

.1 A nxna 


(8.36 A avs) 



(8.36 B avs) 


?noaobAAn nxna na .k 
? a*jn ataijnn ’na .a 

aoaabnn o’Kaa A»n na .a 

o’ anna vn ok noanaaxnA 
.n»At»n aia’nn naisa 
7(8.36 B nA’s) 



naAn 1000 ft AmaAAnno aoaobv 
8.37 avsaw bAyaa® AB maApja 

.5 V nxnnA 

?AD maipAa aain» ok nxn’ na .k 
7BC jvmpja aatn» ok nxn» na .a 


(8.37 avs) 


.14 
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aioa aam 4 Q imajjnno aoaaaaK .15 
ai»s) .0.2 A rvoni 4 S bo a>Jb 

(8.38 

aam* ok aoaaaaxn ran* no .k 
?2 Q bo aaib aioa 
aam* ok aoaaaaKn ron* no .a 
?nnan aipab 

aam* ok aoaaaaKn run* na . a 
?nnan aipab b*apaa 


(8.38 ai*s) 

I- 1 i-1 

iio v in J 4n 15v in i 

6-| i—AA/V-oWV^ HWV^ 


ia»n .8.39 ai»sao bayan iim 
UK *mn»o »aa aoaobii annb -pas 
niaipaa arw ba bo o>prnn ruin 
-HiK baa aoaobiin rwa* nai naan 
.»bK»a*K Kino rrona o*apnnn 


.16 


<1 


(8.39 TVS) 



(8.40 A TPS) 


24 n 



1 A ay nrwn . mbpo »no aoananKb .17 
aiajjnn .10 A av n*ioni 
>bn>oaan oarni 50 Q aonunbin 

.1 mA laaa 

anK baa as*an m*mnn *na .k 
7o»apana 


Kin noaunbAa oarn ok .a 
aoaaaaKn rwa* na ,0.3 mA 
?o*apana am baa 
apsao bAyab aama aoaaaaKn .> 
.8.40 B 

nrw baa aoaaaaKn rwa* na 
?mbpona 


(8.40 B ai»s) 
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. 500 n 1000 n 

i—Wv i V\A/ I 



2V 


(8.41 B IVX) 


24V 



5 ko 

MA/V 


1 V tv nnwi .mbpo >n« -lonolmb .18 
nnAinn .ID V ay n’ioni 
♦Pa’oaan ontm 50 Q aoaii iil»An 

.1 mA 5DTT 

ifw »i aa»an niaAjnn »na .k 
? o’apana 

Kin 18)11)1^13 oatn ok .a 
*ionot>iin tvo* no ,0.3 mA 
?o 5 *ipann mx ioa 
m»xa« 5>iynb aamo looobnn .a 
.8.41 B 

nrw Ina ioao5>iin nK*i» no 
?m!?ponn 

8.42 m»xa« nono^nn rwi’ no .19 
?»>k’-t»n Kin OK .K 
K»n n»a*ian iniaAinn ok .a 

?5 KQ 


(8.42 ai>s) 

8.43 n*xao aoanaaKn roo* na 

?»bK’*r»K Kin OK .K 

K*n n*a» 3 Dn iniaAinn ok .a 

?5 a 


(8.43 n-i) 

oatn .Vapaa is i-s ax>a na-n 100 a imaAinmi noaiiiibAly 

.2 mA Kin noaiiiibia ’l>a»oaan 
?iins na»aan oinn inai iupnnw a»«oan ma .k 
oinn nspa n»oon n»nn na 5% -a iop m>yai> n»n mn ok .a 

?m--Ton 

oinnw *iuaaanKl> -jan b»apaa 0.5 a 5v aAJ il> aaimy aoauiibA 
noa 500 fi 'pv *m aoauiii>An iniKl? aain> ok .1 A liny na’aan 

.IV i^w m’-Tnn oinmo aoaolnil* "pan* 
?*rooi)iil»An 5v jva’jan imaAAnn »na .k 

?ia ’5>n»oaan oatn ina .a 


12V i n 



.20 


.21 


.22 
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on o*mn mm th -wirtumn b»aa» ia on An n*n» no .23 

.2 Q *re>nn m-TAinni 40 Q K»n loan iibAn nvTAAnn 
?0.2 mA kid -loauiibAa mm -iwo .k 

71 mA Kin -loauiibAa mm iwo .a 

ok nonmibAa mim onm nK -nsaobiin b>03» ia mnn n»n» rm .24 

.500 fi ix’nn nnjjnni 40 Q K»n loaunbAn nvrAinn 
70.2 mA Kin -loaiinbAa mm -two .k 

71 mA Kin -toaiiiibAa mm iwkd .a 

: (8.44 n»x) Kan bAvan pm .25 
.ook tm D»Kna o’-ioauiibAn '» 

?R 2 -i R, ana .k 

7bAvaa »bb3n mm ina .a 



(8.44 n>s) 

: (8.45) H’jfao bAyan pm .26 

.3 Q K»n AD b’nn jinAAjm 

pman *i«K 3 ook win omoaunbAn 
.10 cm n»n CD 


?x -TAjn 

ina 

.K 

7AB pman 

ina 

.a 

?b»na mm 

ina 

. A 



(8.45 *n>x ! 
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maiwn 


I,=0.499 A 

.1 


1=3.13 A 

.X 

.1 

I 2 =0.4999 A 



1=1.043 A 

.a 


R s1 =950 Q 

.X 

.18 

U=20.87 V 

. X 


R s2 =9950 Q 



U=5 V 

.X 

.2 

0, =0.3 V 

.a 


R=1.67 Q 

.a 


U 2 =3 V 



1=2 A 

.3 

U t =l V 

. X 


24 V (2) 24 V (1) 

.X 

.4 

U 2 =1.3 V 



11.994 V = 12 V (1) 

.a 


U=9 V 

.X 

.19 

8 V (2) 



U=5.14 V 

.a 


R s =0.101 Q 

.5 

1=1.8464 

.K 

.20 

R s =3000 fl 

.6 

1-1 A 

.a 


21 >0 

.7 

I max =0.202 A t>v -ramanx 

.K 

.21 

11 >a 

.8 

5 % ; 0.01 A 

.a 


R=3000 fl 

.9 

II 

99 Q 

.22 

R= 

=16 Q 

.10 

-3 



R 1 


Ig=1.001 

10 A 



*2* 2 

.11 

21 

• X 

.23 

R=35 Q 

• X 

.12 

21 

.a 


X=17.6 cm 

.3 


540 Q 

.H 

.24 

1,-0.24 A ; I 2 =0.14 A 

. X 


540 Q 

.a 


U=18 V 

.X 

.13 

R 2 =20 Q R,=2.5Q 

.X 

.25 

R=18.33 Q 

.a 


I t =4.286 A 

.a 


22.99 V nx*>» 

. X 


X=0.89 fl 

.X 

.26 

0.985 A nxna naaiaoxn 



AB=56 cm 

.a 


U ad =12.5 V 

.X 

.14 

1=8 A 

. X 


U bc =3.1 V 

.a 





1=0.267 A 

.X 

.15 




1=0.4 A .> 1=0.3 A 

.a 



U 10 =9.5 V .16 
U 5 =5.5 V 

R s1 =0.05fl .K .17 
R s2 =0.005 fl 
i a 1 =0.3A .a 


I A2 =3 a 
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bii’p - 9 mo 


k 'i a» 9.1 


in? .i»oibnb mis impano *1011 a»an ’bnonn bAyna v* nAAb 10m 
vby iiyob , bapn jin -art? in’ a . iyonb bia’p »ba Kin bapn . bapn 
niA’Aa jin ? 1 , bapn by iyoan nNO’ bAyana bapn pin’A nriNbi iyoa 
vniAiam bapn by . iyoa ’ba iniN n»N«n bAyana ipin’Ao nAAb 

.n? pnaa nam 


bin’ pn mnn 9.2 


(9.1 11'J) 


*ii»s) .ruia mpnb oniN omanno o’Aiyo Nb ninib »aw by banoi 

-© ©- :{9,1 
-———- onan nsi’ nnan mpno 1110a 

_ o’Ayon :o»Ayoan iyiA» o’bN’SAOia 

__L_ bN’saoiab maA bN’SAoian o”ai»n 

bN’saoian o”b»bo o’Ayoni *tiba 

o»jyoan) .maA bN’SAoiab -jinA 

o’Ayonn pn an bAyaa o’yj nnNao 

( 9.1 nvs) .(o”b’bon 

o’jyoa maos’ nnan mpa bw »ai»nn nsa ,o»Ayoa maos’ ninibn by 

?’na ny ,o”b’bo o’Ayon ’b’bwn nsai o”ai’n 

n?«a .nnan mpa nsvo nnab nnw n’n» ninibn by nsuo nnnno ny 

.nnv i?i?> Nb o’jyaai o’bN’SAoia onan naa mn> Nb nmp 

*p nnNi o*AyoA ninibn law nsp in? pnaa pn on? n*n»w nnniN jin? 

.o 3 n n»n> an?n 

by iyoan nN®’ ninibn jin omanan o»oinn jin 1’oay luma on 

;- J — - bia»p »ba in? iab .ninibn 

^ by o’oao nnan® baa . iyonb 
— I iyoan ,nni’ bnA mm ninibn 

( 9.2 ni’S) I .nni» bnA n»n» omby naos’w 

.bia’p o’Nmp n? yiapb .yiap Nin nnab naosan iyoan i»a omn 


C = -jj . (9.1) 
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ni*nb a»»n xb bap bax ,bap o»xapi biyana ipnno omyon ninibn 
.'iai o»»b»bA o’bap ,o”*ma o>bap o> ,mmb noa ’ioy 
o»o iyoan ba *[o .ninibn anx by ivonn xin 9.1 rmonao Q iyoan 
Q >avn iyoa <iaiyi ninibn |u pbnnn pa xin .oax xin biyaa 
13ian by ntaana -Q iyoa maa nmxi >ai»nn iaian by taana 

.’b’bon 

1 bo nna o>ao aoxa tax .(F) axaxa nxapin na»n>a anai (C) bia>pn 
.axaxa 1 xin bapn bo bia>pn nbip 1 bo iyoa aaoaa bap by obii 
naan onop nix*saa o’bapn .nmxy na>n» x»n axaxa bo na>n>n 
ix (axaxa »b»a) 1 mF = KT 3 F bo bia»pa bpnn mx»saao ia am> 

, .(axaxa iap>a) 1 pF = Hr 6 F 


axo* bia»pn bax vbv iyoan mno» o*ioa bap by rman nx nioa ox 
:o ainab ban nna bo omo o>axa no by banoi ox .yiap 
Qi = CU, Q 2 = CU 2 


Q 2 - Qi - CU 2 - CO, - C- (U 2 - U, ) 
AQ * C&J 



(9.2) 


:a oi ananb bia» bia»pni 


Vbrm xin nna *>u»o apv iyoa *»ii*o bo bapn by naipo vbnnn 

:o»»iob bapa bia»on nx a»aai . iar npibo 
naayano anxb non pbnm onyoani o»nnan onnoa lao iioxan pbnn 

.bpoa *ivob nyna 

.pm mino bapni biyaa oat i»x aaa !non pbna pa baoj nr paaa 

.Iioxan pbnn nx naspa axni xan paaa 

mnib bap t>ia b>ia»pn 9.3 

xin .bapn maaa »ibn xino naaix nxr .’aoaixn ban xin bia’p 
non bo »n»on apy anx nno» nbx .i»byo iyoan ix nnaa * ibn xb 
xbi ajjn maaa n’ibno ana niannrm laa) yiap axo* bia’pn bax 

.(oara ix nnaa 

:nnona imi ninibn i»a naono (42 aiay) 3 paaa n»xa 
a 


E 


er'€o 
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.mow vaw aainn aioa »iyi n»n »aopi>K»an oapan - e P 

pa ma’axa rmt n»n ivoan) nmv?n am y>w iyoan nia*aar - a 

(o’aian o»an»oa 


-.nnoiaa ima ’bnwrm nawnw (69 -nay) 4 paaa ia»Ka 


E « 5 
E d 


.on’i’a pnaan d -i ninibn i»aw o’bK»saoian waan Kin U awKa 
o U 

- —- * T tbapa nixnoun »nwn 

e P e 0 d 

:Kin nim!m in am ba bvw ivoan fK S Kin mnibna am ba now ok 
Q = or-S 
Q _ D 


S-e P e 0 d 

Q _ ^'S 

U d 


tbapai a>*J 


:Kin ninibn bap bia’pw o*Kia iik 9.1 rmoian 


c = e ciQ'S (g 3) 


pa pnnanw baa iop mt naivbi baa ninibn noww 


baa baa bia*pn 
.baa ninibn 


1 cm 2 vniniba am ba noww ninib bap b« bia’pn ina : naaia 
?a»iK Kba ninibn i>aw nnan ok 1 m Kin on’a>a pnaani 

S = lcm 2 = 10~ 4 m 2 :O’Jini : 1 iana 

d = 1 mm = 10“ 3 ■ 

€ 0 * 8.85-10" 1 2 
e P = 1 (an ik) 

C = ^ = 1 8 85 i g- 12 ^ l 4 , 0.85-10 -12 F 
d 1£) J 

bapnnw bia’pnw ia ,(p) ip»a mapa K»n .ow w» 10 -12 na»n’b oa 

.0.85 pF bw Kin 

oapanw *nopK>a aam ninibn pa> o»aaa ok bia’pn baa’ naa »a 

?2 -b nnw ibw ’aopbK’an 
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C = e r C 0 = 2 0.85 lO" 12 = 1.77 pF : liana 

• .o>»aw »a aai» aia’pn 
Kin *nopax*an oapnn .aia’pn nx i>nn namn »nopax>a nnm noian 
:(C) *nopax>an nnmn oy aia’pni (C 0 ) p>na aia’pn paw on»n 



.1 -a aiai a»nn xmi 


o•> bap ma»n 9.4 


nipn oy aiyna non;? m»a ,nnx aap aa ix , uaa>nw mmin »aap nx 
- omi aw *nwaxn nia»nn ina xin o»aap aw ’nwaxn nia>nm , nnn 
nia>n oy xpua a»nni o»aapn oy .a»apna m>m ura nia»n 

.a > apna 


b* apna o* bap 


> ra 9.4.1 


— c = 


1 

C 2" 


C 2 -i C, o»aap »aw ay aanoi 
.nnn nipna a>apna o’namnn 
on »a nnw o»aapn »aw ay nnnn 
o»sin umx ,a»apna o’nainn 
(9.3 ni»x) .Cj aipw aap onipna xixna 

U = = U 2 :iaai nnnn mix n»n» aipwn aapn ay oi 

aaa : iaw aia*pa oxnna ivon aaosn o*aapno anx aa ay 
mi» am n»n» naos»w iyonn mi’ am aia*pnw 

.Q = CU :»a 
oiao n*n* aipwn aapn ay iyonn 
aanoa ,nna vina »aa .o’lyonn 
anx aap ayw n»u .9.4 ni»x ay 
aapn ayi Q 1 aw iyon aaosn 
aw anx asn ,aan *to .Q 2 uwn 
[Qi ♦ Q 2 ] C laaosn niman 


•Qi 




(9.4 m»s) 

Q = Q, ♦ q 2 
CtU ■ C,U ♦ C 2 U 


:iaai .uwn axn m -[Q, + Q 2 ] C -1 
:aapi Q = CU nx it moiia am ox 


Ci ♦ Co 


(9.4) 


:ixani 


(!a»apna nt o*aapa .nioa oma ma»na rrtoua rmia rtnoiin) 
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bAyaa bipwn bia’pn inn .9.5 ni’xa® bAyan iim : nnAn 

?bap ba by iyoan inai 


8V 



o’bap nwibo mn bAyaa ; ii-rna 
:l 3 bi b’apaa o’nama 
Cj = 4+ 2+ 2= 8 pF 
bo Kin nnan o’bapna ttik ba by 
lyoan pbi ( 9.5 n»x) 8 V 

:n>n» 

Q 1 = C, U = 4 KT 6 8 = 32 pC 
Q 2 = Q 3 = C 2 U = 2-10 -6 • 8 = 16 pC 


i van o » b>np ->ia»n 


+Q 

m 

-Q 

+ Q 

© 

-Q 

+ Q 

© 

-Q + Q 

-Q 

(9.6 

*n»x) 



o’OAaiao Q iiyo bap by 

banoA 

mmb 

♦ab vmnib 

rab 

mmbn 

.nrb nt □ 

’lainan 

o’Ayoa 

.O’Aiyo oa’k i 

D’OADAn 

o’jyoa 

.mmbn by 

iyiA» 

’b’bwn 

mbb i3oa» i 

D”ai>n 

nibb 

laon’ o”b’bo i 

d» jyom 

by ivoano ty ?>na iy 

. »ai»nn 

lyoa? niino> o”n»Aan 

mmbn 

nt aaaa . o”Aisnn mmbn byo 

it»»An» 

Kb *ia3 O’DOIA 

o> a yon 


.nyiAn msm 

Kbi no 


9.4.2 


o>naina nbKn o’bapn !rmt on»by ivoano o’bap >ao lAba’p 
ba by lyoano K»m naiwi mpoa p»oa im naAitna . moa 
oipaa ,bipo bap atom ok .mio noa o’nainno o’bapn 
!Q ia da ibo iyoan mn» noa o’nainnn o’bapn 
□ i3o n»n» ,nr nniyb ,noa na»na bipon bapn by nnan 

:o’bapn by o’nnan 


U = U, + U 2 


Q_ _ Q_ + Q_ 

Cj Ci C? 


:bapii U = j* UK nKt nmma a’ai 
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1^ _ 1_ + 1_ 

Oj- C] C 2 


(9.5) 


:1KDQ1 


mxnoub nibian o*bap 7 ia»nb mxnoiJnw ab o>wb »nx> 

!o» 7 ii v>a>nb 

: ( 9.7 ivs) bAyan 1 im : iwm 
?bap bb by lyoanaA nnan inn 

.bApvn bapn jin nsbj nb>rma : 1 vma 

1_ 1 1_ 

Cj ‘ 5 + 15 

Cj- = 3.75 pF 

:tbb n*n» bipwn ivonn 

Q = C T U = 3.75-K)~ 6 • 20 = 7.5-10" 5 C 

o’bapnn ariN bb by iyoan 7 10a D’aainn n»bapnw v van 
:iab n»n» ona anN bb by nnan .bipwi liroab nv»« 

Q 7.5 10- 5 

u * " = TIFT ’ 15 v 

Q 7.510- 5 

u i* = = IjTitf*- = 5V 

o’ bap *i7a*nb> rt *>ko a i~t 9.4.3 


20V 

■V 


SyF lSyF 



(9.7 7VS) 


bioa o*bap 7ia»n bw mabiioa niNaAn nab by bbnoi 
12V :b»apaai 


(9.8 7 vs) bAyan \ im : ' h naAAb 
7 bap bb by nnam iyoan Ana 


(9.8 7vs) 

.bipvn bapn rw bb ovip nsoj :j_v-mo 
:IbbA b»apaa o’naina 5 pF -1 3 pF bw o»bapn 
C=3+5 = 8pF 
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3^ 

°T 


1 

8 + 4 


: pbi -iioa 4 pF bw bapb nainn onbw bipwn bapn 
- - | Ct - 2.67 pF 

: ’bban ivwnn m tens) bipw bia»p m»xn mKb 


Q = CyU = 2.67 Kr 6 -12 = 32-10' 6 C = 32 pC 
o’bapn in idh ba by iyonn oa Kin bipwn bapn by iyonn 
Q 32 10- 6 

U 4 = ^ * 4-10-5 = 8 V :iabi moa o»nainnn 

rmnn npn rmn pa tnarm n»n» b’apnaw o’bapn »iw by nmn 
U = 12 - 8 = 4 V :4 pF bw bapn by rmnni 

Q g = 5-10 -6 • 4 = 20 pC ’ ':mn» onn -rnK ba by ivonni 
Q 3 » 3 10~ 6 4 = 12 pC 

.32 pC -b niiw .np’taa ,on»by »bban ivonm 



: (9.9 nvx) bAynn pm ; *a noAit 
.2 V Kin rmnn CD nvnpin pa 
?AB rmipan pa rmnn inn 


ivonn m iiwn abwa k*m : i nro 
.Ct bapn by 

Q 1 ■ C! ■ 0 C d * 3- ID -6 • 2 = 6 pC 
(9.9 n»s) o»nainn C 3 -1 C 2 o’bapnw in»an 

bia»pnw maiyb -iwp Kbb) mm on»by iyonn c, bapb noa 

.(niiw onbw 

: IKam niiw on»by rmnn oa niiw onbw bia’pnw pi’an 
U^f = 3- U C d = 6 V 

nwibw bw mon bipwn Kin EF nmpin pa bipwn bapn 
.C 6 bapb b»apna aainnn iioa C, ,C 2 ,C 3 o’bapn 

C = 1 pF 

C T =C*C 6 =l*2«3pF 

C s =3y F c 5 -i C 4 o’bapb niiw bapnw ppan 

nitipjn pa rmnn ,*noa o’*iainn obiai 
C^=3yF .EF nnnn in 3 *a n»n» B -i A 
'ab = 3 u ef = 18 v 


11 . 1 _ 1 _ 11 . 1 - 
C C, * C 2 * C 3 x 3 * 3 3 


C 4 =3yF 


B 


(9.10 ni»a) 


1 . 
A 
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jygp t vv>« i nna > > i 3 ’ ^ 9 


»"y ik »aopbK’a lain noian »"y ninibn bap bw ibia»p tik mwi ok 
nr »ij»w mapya .bapn bw bia»pn mnw* mnibn )*i pmnn »ii»w 
onn »a . i»by nnnni bapn by iyoan ina o»mK o’aaiA da uno* 

?nimi» 


:o*aiw o’*tpn ntnbw i»a o»b>aan uniK 

nKw» vby nnan,rain aipab ma»w» aaina tkwj bapn awo .1 
on»n.Q' wan ivon bapn by n*n* C' warm bia’pn mapya .viap 

:»a anw»nb a»»n on»i»a 


1»by iyoan,raian aipnn pm in bapn awo .2 
,U’ wan nna bapn by mn» C’ wann bia»pn 

: *a anwnb 


mapya .yiap tkw* 
na»»n onbw nbaaan 

Q = CU => C'U' 


nnan 01 nna aipab mi'«’ Kbi aaaia bjyab aaina bapn awro .3 
.bia»pn >ii»w apy nunwnb o»bia’ i»by ivoan oai 

ok via by ^yoam rown iinwn aa»a .biynb aam mnib bap rnavva 
.2 »aopbK»a oapa bya ’aopbK’a aam mmbn v^b oiav 
. pmin bapn awxa .a .nna aipab aaina bapn awro .k 


on»a bapn bw asnb awp Kbb) .2 


C* * € r e og * 2 ^ = 2-Co 
d d 

Q’ C* , 

Q C 


ir c_ _ 1 
u “ c ‘ 2 


: 1iano 

»9 biai bapn bw wann bia»pn 
(nnan aipab 


:yiap rmarw )ii»aa ,k 
.2 *0 biaj n»n» wann ivoan 

:yiap iyonnw )ivaa .a 
.2 »3 i»p n»n» warm nnan 
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PAyana pnaa *p "lnNi 5 V Pw nm vpaP *iaan 10 pF Po Pap : naAn 

/ 

?Pap Pa py >aaon ivoan ana .5 pF Pt> aayo nP >j« PapP naina 


5V 


5pF 



1— 


-Ml— 

10uF 

Ml— 


10yF 

L—II— 


(9.11 *ia*x) 


.nron *npa »"y ivoa 10 pF Po Papn : a anna 

:Nin nnoxno avoan 
Q 10 = CU = 10l0" 6 -5 = 50 pC 
p»*in Papn Pn i a yon Papn na’n -iriNP 
o»PN»XAoaa ia’aa»io -ry o’jyoa nay> 
(!!o>ayoa ia»aa»w *ty np) 



(U = ^ n»PN>sjoian avii»«a) 
O 


2 Q 5 ' = Qi o' 


.10 pF Po Papn ia y»an o»»awn 1 >a ppnnao »PPan lyoan 

Q5' ♦ Q10’ = 50 nC 

Q 5 ' = 16.7 pC Q 10 ' = 33.3 pC :aNaaa 


nP »a« PapP P>apaa naan -p irw 30 V Pw nnnP ipoa Pap irmm 
?Papn Paa’p ana .20 V -P tv nnana 1 pF Pw aavo 


„ AQ .9.2 nrnma wa : liana 

Cl = Au 

AU = 30 - 20 = 10 V :NisaP Pp C, Papn py niaan >ai’o jin 

Papn Py naoxno iyoan jiN’sa >"y nxoa C, Papn Py ayoan »ii’o jin 

.Ci Papn aa nay ntn ayoan Pa .C 2 


Q = C 2 -U * 1-10 -6 •20 = 20 pC 
AQ = 20pC 


_ AQ 20-IQ- 6 
Cl “AU " 10 


2 pF 


bap Pw n» AiJKn 9.6 



aom aayo Pap Pt> n>AVNn »na NixaP »*ra 
jin N»anP »*ra y»ponP -p*as rrraay naa 
.Q ayoaa Nan aao axaP Papn 
n»iPn AQ ivoan a» pPn Pa mayna rrraayn 
. amaynP aaanan o*PN»*Aoaan onana 


( 9.12 ni»x) 


W = U Aq 




n»n> o’bK’SAoiDn tnan/un* nbATA n»nn 1’ayAw iyoan maaw 'poo 

.*im* bvTA 

iyoan naomb nw» iaiKa u -b tvi oaxa bfA o’bK’XAotan wnan 
wnan ’A9 by o’-paya iyoan ba tjkw -iaKb in»A iabt (0 = ^ • Q »a) 
U = | :KAn yjnaan o’bK’SAoian wnan .0 ysiaa o’bK»*Aota 


W = UQ = 


:ia>i 


:oax K»n iiyo Kb Min® bap bw n’bK’XAoian n’AnAKnw inon 
W = AEp = Ep ~ 0 — Ep 


Ep = 


UQ 


Ep 


U(CU) cu 2 
2 " 2 


v - 9 . 9 _ 91 

Ep " C 2 “ 2C 


:bapA Q = CU mom wanwA ok 

o 

:bapl U = ^ nmnia rrrmm ok 

c 


Ep = 


f = ~f~ - 2C < 96 > 


:K»n bapn by n»A*>AKn iabi 


10 V bw nnn T»pn »"y iyoA 5 pF ibAa’pw mmb bap : *k naAn 
?bapn bw nmnAKn ’na .nnan -npaa pirn -p -wiki 


CU 2 

2 


5 10~ 6 10 2 
2 


2.5 10" 4 J 


: 1 Vina 


p»mnb ’*o rampn noAinaw bapa y’pwnb -pis rmay naa : ' a doai-t 

.o ’’aw »a ibw mnibn jik 
?nnon npaa pniAw nriKb ,k 

?pmAW ’Aab .a 



e 0 S C, 
° 2 = 2d~ = 2~ 


:»a o’ ’ a w »a iop trmn bna’pn : i nna 



.ynap Kin i ’by iyoan naan nipan pmA bapnw nrwb 
:o”AW »a iop C -1 yiap iyoan ok 

l . 91 = 1 9! . 2( i .91, = ^ 



.K 
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E 1 = 2.5-10 -4 J :nmipn naim raw in nannna n’imxn 

£2 = 28, = 5-10 -4 J : ixoni 

m’jnixn tnana niiw rtnwviw rrriayn 

W = E 2 - E, = 2.510- 4 J 

»aa ,aia»pn .yiap aapn ay nnnn ,nnnn npnn pnu« ’job .a 
: iaai (nnna in ivona »ian xa win) 2 >a lop , 13’xm 

E 2 = = l-(^-)(U) 2 = 1.(1 CU 2 ) = - E, 

2 2 2 2 2 2 

E 2 = 1 E, « 1.25-10 -4 J :mop n*aaan n»nixn 

W = E 2 — E 1 = -1.2510 -4 J :n*jn3xn rnana nno rrriayn 

Nax nr mpna rrnay mwya Tin I’xw x»n (-) -n mynwn 

.nanynn in mi ay nanpnn , -fa ’ na 


* ~iop^K * *t mm ov o» 


jin nV*nn ’mpax’-r min mnanw niman aapa moun nimaa ii’xn 
C = e • = 6_C 0 :aia’pn 


?ninian i»ao aarm aa nx noan U’N ’mpaN’-m miffri ov mip nn 


:mxnJin rma ay aanoi 


’*iopax>n mpn aya ’mpax’t min o»o»ian mma aap ax : 'x man 
,9.13 ni’xa nnxmnn miaa mnian i>aw naira rncnn noann e r1 

inn .n>3on n’xnnn nx noann e r2 ’lopaN’T mpn aya >3o nnim 

?aapn aia’p 



xxm »mpax’-m minnw in»an : i naa 
aa ay aanona in»j noon in mxnna 
s 

_2 muww aapa o’xsnn in *rnx 

onix iax »a niio o’aapn »jw ay nnnn 
o»aap ’iw iaxo x’n niponni ,mnian 
ia»apna o’nainnn 


9.7 


(9.13 -ii’x) 
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C T = C, + C 2 = e r1 e 0 (|) + e r 2^o^2^ 
d d 

€ r1 € 0 + e r2 e 0 S (e r1 * e r2 ) S 
01 = 2 d = 2 € ° d 

:xm »a»opaxn >->opbx**m oapnnw nnxb pb in»i 

e r1 + e r2 
^reff = 2 

Cj = e reff e 0 | :xin bia>pm 

*nopbx’a oapn bya *nopbx’t mm o’o’Jon mm!> bap bx : 'a nmvr 
9.14 m>xa mxinnn nmsa mmbn i>a naan in n>xnn noann e r1 

inn .n»jwn rpxnnn nx noann e r2 »mpbx’T oapn bya 'iv anini 

?bapn bia»p 

xm o’bapnn anx ba oyan :j_nna 

. | bo pnnn bax S now bya 

xm »aw anx min nnnn 

. omnnn dioo 
. yiap >bnonn m»n o’yopnn nnx baa 

(E, + E 2 )| 

,, 0 

:xxm xm ia anma »ibn ’bnonn man 

: iobi 

:ivonn nia»asb mop mb bo by iyonn 
:x»n bia>pn noam 

: iobi 

:moa o*bap »ao ma*nn o’bapn n»»n nxxm nmx 

^O^r2®/2 
^O^rl ^/2 * ^O^r2^/2 




€ r1 *r2*0 S 


€ p1 c p2 


6 0 S 6 r1 € r2 

Cr = 2 -/ d - 2-- = 2-Co 

€ r i ♦ e r2 e r i ♦ e r2 d € r1 ♦ e r2 

€ p1' € p2 

e r . ff » 2- :hw »a*wp3»m »i©pbK>in irrpan )3bi 

e p1 * 6 p2 


»*v>~o -v>-o bia»pn 9.8 


ivoa bw bK’SJision Kin Q iyona iiywi mis »jo by bK»xjoion 

.man tjirn >mipj 


U 


KQ a 1 Q 
R 4ne n R 


’jo i»a o*bK’XJoion tnan ooKb nm tioj*k 2 bK’SJoionw iivan 

.man by bK»xjoiob mi® «iioj»ki iran 

U S K :1> ° m 


C = £ = 4ne 0 R (9.7) 


:nraoa )iiu ivo bw bia»pn i3bi 


?30 an itn*nw -ma bw bia»pn inn : 'k ttojii 

c = i = B 3 ' 310-11 F * 33 pF -irm 

ioi»-nw iii3b *T*bin b*n »"y iaina 5 cm iovttw hid :*a nam 

$ - 

?onbw Tniwan bia»pn ina .10 cm 

mto rrma on»jo by iton> Kin lvona o»ni3n m 1’yoj ok ; i nno 
wion ikwj n»n ok »3 , o»m i»n* o’lvran >jw »jo by o’bK’XJoionw 
in® o*n® o>bK*xjoionw iii’an ,o»yj i»n o»jyonn o»bK»xJoio 

.b’apna na»n 


Cr = C, ♦ C 2 = I 1 ♦ p 2 ■ £ (Ri * R 2 ) - §4|r = 16.6 pF 

n»n i»by bK‘*Joioni iitoj yn* Kb ibia*pw inwba tia : 1 a naAii 
it»»nw iivo Kb mob *pbin b»n »"v *)iAn lain iaa iriKb .60 V 
?TiAn bia»p ina .20 V -b tv bK’SJoioni ,20 cm 




iyoan to tniana ny*rb fix Kbt> nnnixn 9.2 rmoii to b*33 : vnna 
iyoan >M3*w to nynb p>3on KbK ibia»p to nynb »na *iia by nnnm 


.nnnm 



AU = 60 - 20 = 40 V :Kin *inn mo by o*bK»x3oi3n M3*w 

?iyonn M3>t> ina 

bK’*30i3n nai bt> laioao iii»an .ninab nay *iiinn *rvw iyoan ba 
n’jyoan nnnx bptin Mi>t>a dm it) o’bx’iooion) 20 V Kin n-on by 

. vby iyoan to K*ni (yub n>a»t)nn i»n 

Q = CU = | U = 20 = 4.4 ID' 10 C 

aq 4 4. in-10 

C = —-— - = 11.1 pF :Hin *ii>n bia»p )abi 


ovnm r »n»i3 ovnn bya »mna bap bo bia»pn to Kixnb »na 

M3 by bK»sioi3n to atim R Mix»n 
M3 by bKMioian toi Mix>nn nman 
by A tmpia bK»*3oi3n . >nM3n m-ran 
nman *n> by in onii Mix>nn nman 
R pmaa nxsn3 A rrnpsnt) »n»33n 
Mia»rm nman »"y ini itanan 
. mao by K»n A nmpint) 


.y»n3a i3»k nn 03 k Kin Mis’rrn inan not) by bK’sioion 
,nmp3b * 1103 »Kn ivoa m»n» nnana rrnayn Kin ,mara ,bK*s3oi3 
iyoan »a iyon bbaa t>*inn 13 »k o»mnan »3t»b xina xxn3n iyoa baK 
»a xman »bnoMn oiona ina) »ai»nn iyoan nyotm to boaa »b»bwn 

. (Iioman iyoa to boaa imopbKn iyoa 
K»n B rmp3nt) »a»33n ninan *n» by oj onA3 B mrip3a bK’iooion 
.iaina B rmpinti Mix>nn m-ran »n» by oil mat) by 
(noon by bK»X30iab nut) nma lira bK»x3oian) 

_ K(-Q) KQ 
v s - R * -r 
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U AB = V A - V B = KQ(^ - |) 


KQ(R - r) 
r R 


Q 1 Rr 
U AB * K R - r 


1 R- r _ 4n£nR’ g 
K R - r = R - r 


(9.8) 


:iNani 


ioi»tii 5 cm *n’jan ioi»*n® ’ina anp a» aia’pn inn : ' n nmn 

?10 cm *Jix»nn 


C = 


1 

IFio 5 


0.1 0.05 
0.1 - 0.05 


= 1.1 10" 11 = 11 pF 


: 1 imp 


11 cm »iix’nn ioi*Tii 10 cm »n»ian ioi**nw >ina aap : 'a nniif 

.10 V ao nnn npna nain 
thk aa ay ivonn inn .h 
?aapn mnian 

(9.16 *n»s) 

:xm aapn aia*p : i mna 

c - rio* ' — S ir' " ■ 122 w ' ,< ’ ■ 122 pf 

Q = C U = 1.22-10“ 10 ID = 1.22 10~ 9 C : iaa Min ivonn 

?aapa miiNn n’njxn >nn .a 



: i nna 


E = 0.5C(U) 2 = 0.5 1.22-10- ,0 10 2 * 6.1 10' 9 J 
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pian 013*0 

i UTJ’nm D^p-mn o’Awian 

Q 

C = bap by nnnm lyonn on»n - (C) bia*p 

(F) a>ONO - bia»pn n*T’n> 

.1 C l«i iyon nmosn'j bapn in 1 V nnnb oni'ii bia»pn - tkiko 1 

: mDiiD minnn mxnoun 


C _ e r € 0 S 

C d 

:mmb bap bw bia’pn 

D 

C = = 4tt€qR 

:*ivr> bw bta’pn 

r . 1 Rr 

C ' K R - r 

bap bw bia’pn 

Q = Qi = Q 2 “• • • 
u = u, + u 2 ♦... 

nm o’bap *na>n 

1 1 1 

Ct ’ C, + C 2 + "• 


Q = Qi ♦ Q 2 * ... 
u = u, = u 2 =... 

Cj = Ci ♦ c 2 ♦ ... 

:b’apna o»bap -na»n 

1 1 QZ 

Ep = \ QU = \ CU* = ^ 

:bap bw TVAtiNn 



mbNW 

' n nm 


?5 V bw rmnb iniN nana on 20 pF bw bap by naoxnn ivoon inn .1 
law ivonn mna jin rmbvn 4 V bw rmn naom on bap bw bia»pn inn .2 

?10 pC -a 

pnrnni 4 cm 2 ibw ninibn noww nimb bap bw bia»pn inn .n .3^ 
?n»iN Nbn on»a»a Tiinn on 0.5 mn on»a»a 
bya **iopbN’T min ninibn i>ab o*jaj on bia»pn n»n* nn .a 

?4 »*iopbN»*T yiap 

»9 nrn nt ninibn nN p»nu on bia»pn btA» in iop» rma ’9 .a 

?o> >aw 

wmna iniN o»wj on 'n pbn bw bapn by *iavw>w ivonn n»n» nn .*r 

?5 V bw o’bN’XJoig 

:o»Nan o>bAyna bipwn bia»pn inn .4 












.9 


.noa main 2:1 Kin onb« bia’pn on»w o’bap 2 
?onbw o»iyonn on» inn .k 

?on»by nnnn on» inn .a 

.b*apna main 2:1 Kin nnb« bia’pn on»w o’bap 2 .10 

?onbw o»iyonn on» inn .k 

?on»by nnnn on» inn .a 

$ 

.pnu *p iron u nnn npnb nain C ibia’po bap .11 
?o**jw »3 ibo bia’pn dk b’"m ok i»by nnnm iyonn vn» nn 
dk i’by nnnm iyonn i*n» nn .U nnn npnb lain C ibia»p« bap .12 

?D»»3t» »a bia’pn nK b’TAi 


'a nn*i 


5pF 5pF 


(1) 


?o»Kan o’biyna bipon bia’pn inn 

3pF 


.13 





(2) (3) 

(9.19 -ms) 

:o»Kan o’biyna bap ba by ivonn inn .14 

12V 2yF 

I- 


3pF 3yF 

HI—lb 


3yF 


( 2 ) 11 

(9.20 *ii»s) 



3 V Kin 2 pF bo 11 »byn bapn by nnnn 
:ni*T!pm nnnn inn 
?B -1 A .K 

?D -i C .a 


.15 


(9.21 n’s) 
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(9.22 ai’x) 

lyon naoin .20 v n»n i»ia by bNmoiani Q ivoo »"y ivoj aiaa 
?aiaan oi»aa inn .25 V -5 bNmoian jin nnbyn 0.001 pC bo 
-p anN aain iran .10 V bo bNmoiab iyoi 50 cm ioim« ana 

?1iV3 nr»Nai nay omaopbN nna .nnaNb 
aiaab *p mu mini 10 V bo bNmoiab iyoi 5 cm lovaao ana 

.10 cm ioi»aao >JO 

by >nbnnnn ivonn on aiaa ba by >aion bN»xiv>ian n»n> nn .n 

:n»n >ion man 

.03N (1 

.lO- 10 C (2 
.-210- 10 C (3 

?o>apnnn anN baa ina ba by >aion iyonn inn .a 

nnn nnipnb aaaia main 15 pF bo >ioni 10 pF bo arwn o>bap >io 
nr naini nnnn nmpnn ipnii pn anNb .nnNnna 8 V -i 6 V bu 
:aoNa main o’bapn on bap ba by >aion lyonni nnnn n»n> nn .nrb 

.nrb nr onama in>o mo o'pan .n 

.nrb nr onainn in>o mo o’pan .a 

10 cm oim bya anN ba o»aiaa noibo bo bipon bia»pn inn 

?nr oy nr yjna o’Nxnm 
:(9.23 avx) Nan biynn iim 


?B -1 A niaipan i>a bipon bia>pn inn .n 
, 10 pC bo iyon o* 8 pF bo bapn by on .a 


4pF 8pF ?bipon bapn by o> iyon nna 



.17 

.18 

.19 


.20 

.21 

.22 



191 


♦pin -tain ion .100 V n»n vby bx’sioiom iyoi intiba 

.80 V -b an* bx>sioioni 8 cm lovnno iiyo Kb ninab 

? < pin bia»p inn .k 

10 cm bo ovnna »io nina nain> 'yjiia ox bx’xioian n>n» nn .a 

?0.01 yC bo iyoni 

mpnb nain 0.6 mm on>i»a prnnni 0.8 cm 2 vmnib now ninib bap 

.20 V rain 

pnnnb bapn ninib nx anpb »na y»ponb -pi* miay nna . x 

.nnnn mpnb nainn bapno inra ,0.3 mm 
0.3 mm pnnnb bapn ninib nx anpb »na y»ponb -pi* miay nna .a 

?nnnn npnn bapn pnu» nnxb 
nmn ninibn i»ab o»ianb »*ra y>ponb -pm miay nna .x 
?nnnn mpnb nainn bapn noxa ,2 »nopbx»n onpn by a ’nopbx’n 
”iio onn .(9.24 m»x) .20 V bo nnn mpnb nain 5 yF bo bap 
.10 yF bo bap b*apna i’bx nainn dx bapn by nnnm iyonn 



.23 


.25 


(9.24 ni’S) 

D’poonnoa bap ba by nnnn inn .26 



(9.25 nvs) 
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:o»Nan o*l>iyoa Pipwn bia»pn inn .27 




( 1 ) ( 2 ) 

(9.26 -»’*) 

ok d vmniP pmani S i»mnii> noww ninii> ^ap bw !?i:i>pn inn .28 
m-mnn nrwa e r >nop^^ o*rpn t?ya »-iop^K*7 min idid^> oiain 

:ni>on 



( 2 ) 

(9.27 H'J) 


( 1 ) 


(3) 
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maitm 

R=1.8 m 

.17 

Q=100 pC 

.1 

tito!? nmxna 

.18 

C=2.5 pF 

.2 

n.=3.47 10 9 


Co=7.081D- 6 pF 

.K 

.3 

Q, ' = 1.83' ID” 11 C 

(1 

.19 

C=2.8 10" 5 pF 

.a 


Q 2 ' = 3.67-10" 11 C 



o»*lB »d iop» 

. A 


Q, '=5.17-10- 11 C 

(2 


Q=3.54-10“ 11 C 

.T 


Q 2 '=1.03-10" 10 C 



C|- = 3.33 pF 

(1) 

.4 

Q,’=-4.83 10- 11 C 

(3 


Cr=4 pF 

(2) 


Q 2 '=-9.67 IQ" 11 C 



Cr=2 pF 

(3) 


Q t ' =72 pC 

• K 

.20 

C=5.510~ 12 F 

.5 

Q 2 ' =108 pC 



C=2.22-10" 11 F 

.6 

Q,’=24 pC 

.1 


E=2 30- 

5 J 

.7 

Q 2 ' =36 pC 



Q=l-10” 3 C 

(l) 

.8 

Cr=3.33 10- 

11 p 

.21 

Q,=10- 3 C ; Q 2 =4-ID -4 C 

(2) 


Cc=4.55 pF 

.K 

.22 

Q 1 =Q 2 =4010- 6 C 

(3) 


Q=6.62 10" 5 C 

.a 


Ui 1 Qi 



U cd =3.745 V 

. A 


U 2 = 2 Q^ 1 

.K 

.9 

C=3.55-10“ 11 F 

.H 

.23 

JL . ! 9l 

u 2 A q 2 

2 

" 1 

.10 

V=244 V 

• a 


U’ = Q’=Q 

.11 

W=2.36lO~ 10 J 

. H 

.24 

Q’ 

=2Q 

.12 

W=-l. 18 10~ 10 J 

.a 


U’ 

= U 


E=2.36-10” 10 J 

. A 


Ct= 5 pF 

(1) 

.13 

AU=0 AQ=0 

. H 

.25 

Ct= 2 pF 

(2) 


AO=13.33 V Aq=6.6710- 5 C 

.a 


Ct= 0.33 pF 

(3) 


U 1 =U 2 =10 V 

. H 

.26 

Q 4 =40 pC 

(1) 

.14 

U 2 = 20 V Ut= 0 

.a 


Q 3 =30 pC 



U,=U 2 =0 

. A 


Qi=10 pC 



c T =c .a Cj=3 c 

. H 

.27 

Q 2 =16.62 pC 

(2) 


r r 2e - 


.28 

Q 3 =ll pC 



C_C ° 1 + € r 

. K 






Q 3 '=5.5 pC 



C = C ° 

.a 


U A B=4-5 V 

.K 

.15 

CmC »' [ 2 * rh; 1 

. A 


U cd = 1.714V .a 

e=15 V 

.16 
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trbAya - 10 pna 


k i n« 

♦li’eb y*An ion anNbi paaa in iye: Nin bAyna bap aamn aeNa 
monnn niman -faion pbn Nine np»aam ni»yon be pbnn .bpen 
>jen pbna .naoaa n»n» mnnnn aaonnea paan be iieNan pbna aNin* 
mNb d’taji o*bap be o’abien o’bAyna naip nn nxaj paan be 

.bpen *iveb ny>An naaynne 

b>np np »~iai na » vv? 



(10.1 ai’X) 

Nb bapn »a tajh by Nin nnnn 

U R0 = € U co = 0 



nnn aipnb bap o’aann aw*a 
bapb itma ,a>nn . iyoj Nin 
nr D’nyab .taj oa bAyna e> 
o’nyobi iliana oiaine taa 
nnnn npn be mn’ia imAinn 
!taa e» a»nn b3N 

bAynn aiam anNb iieNan yAaa 

: 1 iye 

: iab Nin yian miNi mm 


bapm aAin by o’nnnn oiao . ba a i»by nnnni ivomb brnnn bapn 

:*npnn nnnb yAa baa nne nvnb p»ax 


€ = U R + U c 


.lop tAin by ,oarn qa iabi ,nnnn inrn iniNai nbiy bapn by nnnn 
ba (»dioa»n inra >oaiN>n iaiNa) bpen >iveb ny’An naaynne anNb 

.bapn by Nin nnnn 


Uo = e Ur„ = 0 

: oaNb nne bAyna oarn iabi 


I. 



10.1 


10.2 
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on imn b® mxjmoo bipn by nnam *rjjn by nnnn m -v»sa on 


: -p i»o> 



(lfl.2 nvx) 

.€ -b mm (Up + U c ) o*nnnn otoo intn bo 
o’i'un iabi »9ioi»K »v>T>N*n isixa Kin iyo»nb bapb npibw inrn 
inrn.>3ion ivonn in 63 % -b iyo»nb bapb npibw into nj»yo int 
, v , .3iin b® b*mai bapn bt> btiAa >ibn mn 

Nim t mpi n»bn»oonn ni»yon in 63% -3 tv inrn - intn yiap 

:rmoiia iim 



(pnab naoja mn»i nrrnnn) 


:bapn by rtnnn 3® viAa n’*oj r bo mvnwnn 
U c U = 0.63e t = t inra 



(10.3 mm) 



bAynn .nnvT vbnn mip bap np»n9a 
bapm nnn nipn Nbb >on vray 
TAjm bapn .*njn rn pnoi iiyon 
l»a nnnn »a b’apna ooainn 
nnnn Ninw ivxa® B -i A m*npjn 


. -mn by nnnn da had bapn by 


(10.4 -ms) 
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vby rmam paannb b»nha bapn.e x>n onno by noon poxan yAaa 
oarn imxi nnan b»nna b»apaa i»bx *uinan tiin by oa .nv 
:~fo nxaj iotn bo n’JtpJiaa'bapo by rman rot nxaan <|iin .jrrft 



(ID.5 am) 

ny iatn .»aioi»x xin nxba np»aab ay iatn ’vmxn iaixa ixd oa 
yiapb pma mu xim iatn yiap xapA lAvonn 63% ax oa bapao 

• t = RC nj’von bo inm 
tjj b»aan oioa bjya »ub xn .np’aaa oai m»yoa da , iatn yiap 
,b’apaai aioa onAAi o’bap iai w latoa bAyan aoxa .tret bapi 
■ ixa i’bv miiA uniNi am’ naan laion iatn yiap aio’n 
naa pa taaro bait o’iaai o»bap bo o’abioa o’bAva by aaaji aiayA 
*p bAvan bo iatn yiapa naana bn An iat ,aa iar arotb ona naipo 
.»aaAb o’paiaa ax »aaAb o’aavo aaa o’bapno 


o»b>ap bo D»abaoo o’^ava 10.3 
»3ioA »k iar "ifaKiy o’aAA a 


am ’a OAoan bAyaa banoji b»nm : ' x naAia 
»3A0A»x iar anxbo iaa> 30 :(10.6 ai»s) 
.oaf ix3 i»xo aiaa ,bAyaa pm mina bapn 



e 

|_ 


t 

- MM -II— 


R c 


(10.6 am) 

xaaA bAvan bo nnan bD i3bi oax xao vbv nnan -taa 3 oar i»x aoxa 

.bapn by 

U c = e Ur = 0 
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.njA« aaan (10.7 *aa»*) »b»apan bAyaa 
ivn*«» naAna aAjn »a bAyaa mt «* oyan 

.naan TApab 

naab mu bapn by oaa UAin by oa naan 

.aipan 

U R = e U c = e 


?10.8 -ivsaw bAyaa n-np ran : 'a romt 
nAiwox ax paAa C, bapn .bAyaa tnt i>x 

.bAyaa aim 

.oaxb mu A»by naan UAAa cm i»x dk 
:x»n njAwxm njponn iabi 
U R = IR = OR = 0 

da mu on>by naani b»apaa R *tAjn bx naAna C 2 bapnw iAA»aa 

loax naan c 2 bapa 

U C2 = 0 : pbA .pmaa bapni bapn bw n>TT*n ’jw ax nspa *TAin 

U C i = e :C 1 bapn by pb n»n» nApan paoaw e naan ba 

Antra mAp 10.9 nvaao bAyaa : Va naAAt 
nnrb bia» mt tone t>» ntn bAyaa .mAW 
DADD *tao bAya xAn bAyanA ABCD yopa 

.D»*TAA »At> A2A 


(10.9 *aa’ a) 

1 = |p = f ~~2 = 2 A : pb XAn bAyaa onen 

nnab nA aw n»n* A»by nnan pbA 4 Q bw tAJb b»apaa naAna C, bapn 
U C1 = i-R, = 2 4 = 8 V .*TAjn by 

U C2 = I■ R 2 = 2 2= 4 V :n»n» C 2 bapn by naan rmxn naAxaA 



12V 

I 

C^lOyF 

n 

i 

R 0 =2n 

C ? D 

II- 

R x =4n 

-- MM - J 

c 2 =iovF 

— II— J 



e 

1 

JU 

1 

R 


c 

1 


1 


(10.7 TA»a) 



e 

| 

C 1 

_II_ 

I 

R 

ir^ 

C 2 

_I1_f_ 


(10.8 *AA’2) 
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inn Nxm (10.10 avx) :xan axyna maainn nmi »nw ’a nnxit 



.mum ini oit Din 
:n»n mmn muinn 


Rl = _ 5 l_i = 220! = 484 n 
Kl P, 100 


TU 2 77fi 2 

R 2 = —= 645.3 Q 
*2 


I = -^ = 


75 
240 


= 0.21 A 


:Nin natn iaai 


R t (484 ♦ 645 . 3 ) 

: pai l 2 mua a>npna aamn aapn 
U c = U R2 = IR 2 = 0 . 21 - 645.3 = 137.1 V 


.o»pan nna nai naanin naan ay aanoi plan oi>oa 



10.11 avxaw a>ynn ay aanoj : *n nnaia 
D’xsnj o’pnann awna mip nn rorni 

.o’jiw o’aana 

oar oi« i»n .o’mna o’poann *iw .h 
C 2 -i Ci o»aapn >iv .axyna 
,nnnn aipna aioa nia»w’ o’aainn 
.nnn i»n R 3 t»d ay »a 


(10.11 ai»a) 

- C 2 3- 6 

Cj = r z = « r — 2 yF 
Ci + C 2 o + o 

: aipwn aapn ay )yona nnw aap aa ay tyonni 


0=0x0* 2-10~ 6 •12 = 24 yC 
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.mna s 2 poann . *mo S, poann 
xbo ill’an . ntoy y»a«n R, -njn pin biyna mt i»x 1 »*tv 
C, bapb b’apna namn R, .oax xin nby nnnn mt iavr mu 

tisbi 


Uci = U R1 =0 

:C 2 bapn by nioy xxm 12 V bo nnnn ba 
Qc 2 = C 2 U = 6 10- 6 12 = 72 pC 


a 


.mna S, poann .mo S 2 poann .x 
.•bayna mt o» noay 

T _€ _12_ n _ . 

1 " R t " 10 ♦ 20 ♦ 10 = UJ A 

lop bipon bapn by nnnm moa onaina C 2 -i C, o’bapn 
. nnnnn pbn npib R 3 *nino in on 12 V -n voay 
U CT = 12 - IR 3 - 12 - 0.3' 10 > 9 V 

.bipon bapn by iyonb nnon ,o»bapna anx ba by ivonm 
Q = C T U = 210" 6 9 = 18 pC : n’n’ 


.o»*mo o’poann no .*r 

I = 0.3 A ~ :omp ina nxoi biyna tntn 

nainn onn tw ba xbx moa o»nainn xb naa o’bapn oyan 

.■nib b’apoa 

U C1 = IR 1 = 0.3 10 = 3 V ; Qc, « C r U c1 - 3 ID' 6 3 = 9 pC 
U C2 = IR 2 = 0.3-20 = 6 V ;Qq 2 = C 2 U C2 = 610- 6 -6 = 36 pC 



«enra mn»j - bap np’iai m»yo - npoi 


.tAim bapn bv pbn na »bban rown .row upai bap ,*taa b’ann bAyaa 



IR *§ 


€ = Dp ♦ Dg 

:oita »ibn aim by nnan 
U R = IR 

:i*by iyona >ibn bapn by nnan 
C ■ I 

:iabi 


I 


dQ 

dt 


:iyoan ma’o Kin mtn .bAyaa mu »ibn bapn by iyoan 




Q = Ce-(1 - e _t/RC ) 


:Kin nKiiwnb iimpn 

Q» » C€ :iabi bapn by ’Dion iyoan Kin Ce *nyn 


Q = 0.(1 - e" t/RC ) (10.2) 

Qo - Q.-(l - e _t/RC ) = 0 :bapji a» 2 fi t = 0 yAna 

.nbroina p’*i bapn 

:n»n» iyoan bo Tiyn C iatn yiap into t = RC iatn imb 
Qc = Qo.• {1 - e - RC/RC ) 

= 0.(1 - e" 1 ) = 0.63Q. 


.’Dion lyoana 63 % *iaosa iyoan t iatn yiap nnKbi 
:n»n» ni’yon I’broia iatn bo n’xpjiDa iyoan tik iwian inAn 
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:iabi odk Kin upon bw nrtnn bap np’ioa 


:Kin 11 -mom 


Qo = eC : »bn»oa» Kin bapn by iyonn t = 0 iota 

Q<° = 0 :ook Kin bapn by iyonn t = ® inra 

:n*n» np»ion T’bnna intn bw mxpiioa iyonn jik iKJinn idh 



(10.13 *11 *3f) 
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mbNW 


24V 



(10.14 11'*) 


:(10.±4 -ii>x) Nan bAynn )uu 
oy a»n bapn by nnnn inn .n 

?bAynn m>Ao 

oy a*n 7AAn by nnnn inn .a 

?bAynn n*v ao 

im -inNb bapn by nnnn inn .a 

?’310J >N 

int nrwb TAin by nnnn inn .t 
?»aioj>N 

-b bapn iyo’ int nna nnnb .n 
?ianyn 63% 

o’Nan o»bAyna bap ba by nnnn inn 


:(»3ioi»N inf inNb) (10.15 n’s) 



(10.15 ni’x) 



o»Nan o’bAyna bap ba by rnnn nn .3 
:(> 3 io 3 ’N inf nnNb) (10. 5 ni’<) 


8uF ion 



( 2 ) 


(10.16 7 vs) 


( 1 ) 
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Nan biyna bap ba by nnnn inn .4 
:(*0101 »n int nriNb) (10.17 n»s) 





.5 


(10.19 ii’x) 


nan biyna bap ba by iyonn inn 



.7 



.x .8 


ba p io by ivonn ina 
(10.21 ivx) xan bAyaa 
:(»3ioi»x int mxb) 

?bAvaa mtn ina .a 


5ft 10 h F 5ft 

AAAAA - _1 ___***** 

lOpF 

__j i_ 

n 

5ft 

_UUi_ 

10uF 

_II _ 

ii 

1 1 

1 

(10.21 ai»a) 

1 

30V 


’a nan 



:(10.22 *n>a) xan bAyan pm 
:bnpn by naan inn 
?mna poDnnra .x 
?hao poannwa .a 
(>3ioj’x inr mxb) 


.9 


(10.22 ni’s) 


ina 



:(10.23 *ii»5f) xan bAvan pm 
:bap ba by iyv>an 
?nms poaanto . x 

?*mo poDanto .a 

(’aioj’x iar mxb) 


.10 


(10.23 ivx) 




.11 



5n 


C 2 =5yF 




20V 

I— 


ion 


ion a 

ion 

- 5yF 

C 


1 

lOpF: 

: J 


20V B 



inn : (10.24 ova) Kin biynn iim 
:bap bo by ivonn 
.o»nina S 2 ~ i S-| .k 
. nina S 2 oiio S-| .a 
.nina St mo S 2 . i 
.O’OIIO S 2 -i S! .1 
(»aioi>K int onKb) 

(10.24 m»a) 

:(10.25 ova) Kan biynn jiiij 

o’bK»aioian woan inn .k 

int onKb niKan m-npia 

:»aioi»K 
Uab (1 
«ac (2 

10VF U BC (3 

?bap bo by iyonn inn .a 
(10.25 ova) 

:(10.26 ova) nan biynn iiiu 
owko 3 pF bw bapn by nnnn inn 
?nina poann .k 

?oiio poann .a 

(»aioi*K inr or>Kb) 


.12 


.13 


(10.26 ova) 


ion iopF ion 



:(10.27 ova) Kan biynn iim 
owko o’baprm thk bo by nnnn inn 
?o*nina S 2 -i S, .k 

?mna S 2 .0110 St .a 

?o’Oiio S 2 -1 S 1 . 1 

(’aioi’K int onKb) 


.14 




(10.29 'll’*) 


(nooj) 1 a nm 


:(10.28 T»»s) nan bAvnn iinA .15 
nrwb bapn by ivonn n»n> nn .k 
?’DAOA’K int 

bapn by ivonn n»n> nn .a 

?poann taojo nnKb 10 -3 sec 

:(10.29 t»»x) nan bAvnn iini .16 
♦ job bapn by ivonn n»n» nn .k 
?tao* poonno 

bapn by ivonn n»n» nn .a 

?poann taoao *tnKb 10~ 4 sec 
by nnnn n’n> inr nna "inKb .A 

’nbnnnn nnnn in 20% bapn 

?A’by 
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mbxcb miiwn 


(L=1000 yC 

.K 

.15 

<3=864.7 yC 

. 2 


Q=500 yC 

. X 

.16 

Q=409.4 yC 

.2 


05-10“ 4 sec 

. X 




O 

II 

O 

£ 

. N 

.1 


U ro =24 V 

. 2 



U c „=24 V 

. X 



Ur„=0 

.1 


t=! 

5- ID -5 sec 

.n 



U c «=e 

.1 

.2 


U c »=e 

.2 


U C2 =10 V 

G 

O 

II 

o 

.1 

.3 

U 5 =18 V 

U 8 =24 V 

.2 



U 10 =6 V 



O 

ii 

o 

CN 

D 

a 

o 

ii 

5 V 

.4 

U 3 =7.5 V 

U 6 =2. 

5 V 

.5 


U e =16 V 

. N 

.6 


G 

00 

II 

O 

. 2 


06=36 yC 

Q, o =160 yC 

.7 


Q=100 yC 

.H 

.8 


1=2 A 

. 2 



U c =6 V 

.X 

.9 


U c =6 V 

. 2 


0 6 =0 

Q 4 =40 yC 

. X 

.10 

Qg=22.5 yC 

Q 4 =25 yC 

. 2 


Q 2 =0 

Q, =100 yC 

. X 

.11 

Q 2 =100 yC 

Q, =100 yC 

. 2 


Q 2 =0 

Q, =25 yC 

. X 


Q 2 =50 yC 

Q, = 25 yC 

. T 



u AB =io v 

. X 

.12 


U ac =8 V 

. 2 



U bc =2 V 

. X 



U 3 =8 V 

. X 

.13 


U 3 =5.33 V 

. 2 


U,=U 3 =15 V 

U 2 =30 V 

. X 

.14 

U, =0 

U 2 =U 3 =30 V 

. a 


Ui = 

U 2 =U 3 =10 v 

. X 
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’p aab h~tp - 11 p*ia 


»i>apn )V'on'? chap dtp h>h nr . mnwnn mpn jin iah3»h noon n!?»nra 
d’jyon »"y iaxya »^nwnn mm .no p’Aini’ laim nsbah 

pin rmya) »bapn mp bp nnxiyn jin a’apna -[»n da ina^ . o”i>npn 

. »bapn ntpi »^apn iyon jmna i’n oai (oina 

■nop hnha nrn pnan .’paabh mm jin hoa ,nana .o’Nan o’pnaa 
iyoa Amna moa hnha xir pnaai ’paabh mm nnxiy jin o’npna 

.»paab ntpn ’bapn 

*pa Ann mrwn ^ 1 ipi >\jj Aan n-nan 


nnbjin mixa tmaapn mm’ paab ni’aoa jnioj *nai on 

»jai>a oAAaa in (11.1 A *ii’x) nona PAAaa ,bpai> .paabh mixa 

:T> o’aapn inh» (11.1 B n>x) 


' i 
i i 
l i 

v\\ 

Vv 




N 

S 


\ \ \ 

\ > \ 

1 1 i 
1 1 

/ 1 

' ' ; 


✓A\ / f , 

."i _ S / / 

St _.✓ / 


(11.1 B 11’J) 




(11.2 1V1) 


QNJina ttjioji njpp h’paab ona oa 
.’PAABH mm ’lip O’NHpAH O’lipb 
niJiTA ’paabh mm naxiyp >aa 
’paabh mm »iip i »n» *ijii» 
’paabh mpn ’iip .hjii’ o’aiaa 

O’NXI’H O’HIAO O’llp "T’BJI 1’H’ 

,1’Ijn onnni paabh ib 


11.1 


11.2 







o’D’onni iyonnn o’kxv vno mo nip vn no ’baon mob iiaoi) 

(bonb »mipA iyoni ini nioi’Kb ny 
max no ip Knpin nnK *rxn fan on »OAAnn mon »npo yup oionn 
imi iiaxb nniiiai ,oAAnb xina (S) »am loip xnpjn no -rxb (N) 
loipn by nxna onan bo iiaxno -p nnnoa n’OA Ann onan .oAAnn 

. OAAan bo »ainn 


(11.3 B ni»x) (11.3 A m»x) 

fK voay tooa .»oaao mo nn»x» bo m»n»n nyainn Kb Kin oaao 

.’OAAnn mon ’bba laiKi nxiA 

? >mi ao mxii ~r* x 11.3 

yio ’baon iyoa bi .nyuni ’baon iyoa » M y fan nxiA »oaao mo 

.’OAAn mo ii’ioa mi> 

(’baon mo ii’io mi’ nnuai ’baon iyoa ,b’*Tinb) 

o’bpni uniKi nni’i o’noon on nynna ’baon iyoa bo o’*ipa ’jo 

:oi» oi» om 

’Db) o”n»n o’jyoa bo nAiian nyiAn Kin onr - ’baon onr .k 
bo ’ji’aKn nyunn limb *pan onrn 111»io naiKn oionn 
. ’oaab mo nxi» onr koia b»n bi pbi (o”b’bon o’AinopbKn 

ii’ioni ’okoo ’ii»n i»ynAn amin oioko - oioki imopbKn .a 
.’OJAn mo ii’ioa nxi» oiok ba pbi .o’AmopbKn o’limoa 

imopbKn oy Kpin b’nni .b’m onr bo nnpnb ompA pnan am jik 
’oaA n mo bo nnainn m’n»n nyainn n« iAb n’io’ Kin »a oioki 




.oAAnn inn oi» oi’n ”na 
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»dj a nn_mvjn 11.3.1 


.»oaao mv 13*30 nxv i»ynA5 3*300 33inonn i mop5><n 
R t (11.4 A -n’s) .B ntra *oaao rr r '" iooa 

imopPxn nsi*w B mon pi>3 
3i3*on mo’nP iaanm mn 
nnN ino inoP Ainj . Abt; 
,S cm3 nm in>3i N po33 
333* 1inOp5Nnt> 3QKb nODNW 33 
(11.4 B -ivx) iop oaao 

(11.4 A m»x) 

n B 

<&> = 

(11.4 B 0V3) 

m*s) OAAn ia>kd nnim .o’oaon raina 3onm mm P3 
imm pin D’jnon 533 o’AA 130 n’jnop>Nn (11.5 A 
.nr jin nr 0*5030 0 * 3 * 1 * onw o*3nn D”0AAnn 


N 

S 



B=0 



p/n 



(11.5 A 11’*) (11.5 B 31’*) 

-p omion o’ A mop^rtn >3 (11.5 B m**) oaam nr nnnP 
mw5 o’nnnnn on5o o»*oAAnn ninom o*V3pn on’3iv*no 

. inpW ’OAAO 

>"y 3 *ia *oAAnn mnn nyiAJi non v>A3 nroin oaao3 daw p3 

InviAJU Pawn iyoo 
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p-i r kvj b? » rt bvj » 03 aan rrron 11.3.2 

.>OAAa m« b*nb a»aoa nxiA tnt xvia b>na 
pi'D n>n* na aaxb mip mvba n*ano mm xm b’nn ox 
aaab baiA Tiaxi a*<» n*n» b»nn ox bax .ia>ao »v>AAan mwn 

.’OAAan nawn bw >bban iivan by 
bya b»nb a»aoa »oaao mu aui’na o>anyn o>a”p n»pm 2 

. aaax pini aao-i’a pin mwba mix 
a’aoa ’OAAan nawn nx axnan >bban pinn xin aao-va pin 
o’oiwa d’npa aooab o’xnan max pini mwba b’nb 
by in) nbxn o»pinn *a«i nx a»anb aiayAw >A£>b ,o»»noa»oi 
.’tioa’x b*na oat bw mpan ,ani’a vnvan mpan 
liwxnn i’«’ *r* bba mrya xxn*A ’vman nawn iiva nx 

. nian bba da xnpm 

: ( Anian bba) \ nixin ya> a» bba 
(b’na axiAn »OAAa naw in»a nx’xab bba) 
mw iivaa nnimn niyaxxn 4 -i mm iivaa inian 

IK .’OAAan 



(11.6 avx) 


.b’nn oy mipAn nx aanan ipb TAixa mun )iva naipA baa 
nnix o’pooa xb uraa o»nvx »OAAa nmu bw mpaai anxa 
Tin bx . ’«i>bw iiva oa axnnw avx mix riAnb o’a*»n 

.Tan ima ix Tan 

Tab xmai X -a iaoA Ttn Tin bx -. 1^.7 nvxa y’Dia oaonn 

(•) iaoA 
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X 

X X x 

X * 

X x 

°® ° 
O 0 °G 

«pn im bK 

<nn imn 


. (11.7 ni’x) 

»-> 

. xn by mwnj ok niDtb bp iin’on jik 

0 

X 

© nKDA ksi’ xn oann 

OADA KX1» 

X 7ik*ia oadj xn by onan 


(11.8 'll’*) 

.b*n nxi’w ’OAAnn mwn bK mm 


. mipAD nut’ b>nnw id nbynbn conn mt kwia b’n by bDnoA 
ik (11.9 A -ivs) nn>i9 Kin imn ok nAiw n»n» mwn jivd 



(11.9 C *ii’x) (11.9 B n’s) (11.9 A *n>s) 

bK mipAn nK mnnn ipb -jAiKn B ’DAAan mwn mipA bDD 


.(11.9 C H’x) b’nn 
. D3qk pin n-nyn KxnA mwn bw ibxiA iik 

*i3qk pin 

.o’oiwa o»npn doom nbyian ’oaab mw nK’sab no’w Kin dook pin 
Ikd oa .’bnwn mw JiK’xnb no»w n»nw oika pin nK tko *i’Dta pinn 
rmoiAD o’wnnwn nwynb biK roaion n’KDA mbbon moun dw iod 

.noiwa ini’ nnn 


,o»ion oirb n’Don hao »Ji»m bibon us’A ok :id doik pinn 
. o’ a 9D ontb ’ii’!nisn5 n»n» bibonn miK byw ’OAAan mwn 
,B t KinAL yopb p’wnn pbnn ,B mw miy AL yopa :Ji’onnn misn 


11.4 
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(11.10 ivs) EB^AL :n»n» biboan ba inxb oiaon 

.p 0 -a o»iaoa yiapn nx . mtb »ji»jniana n»n> xini 

: pb n»nn mbban rmoiin 


EB^ = pq! (11.1) 


biboab p>oan mwi Kin B t 


biboan lira xiban mtn Kin I 
.tpaaiy na nn»n*n JiO’wa nbnn »naoa yiap Kin p 0 


m»n»a >ounn man nx o*ma (o.p.a) m.k.S. nia>n»n no>«a 
.-Kin pq bo -pvn ir m»n»b oxnna (T) nboo ronpin 
Po = 4n-10“ 7 = 12.57 10" 7 Tm/A 

»aa . ujuna aiw»nn biboa nx o>mia 11.1 nnoiia o>oanoa "ioxa 

:o’xan o’naan by i>apj aio>nn by bpnb 

-o *p biboab iiixa ix p*oa »ujian men biboan ba Tiixb ,x 

B, = 0 IK B t = B 

*inxb .nnt B t bo i*>yn B t = B -o o*yupa biboan ba inxb .a 
. *ini> noioa nxi>n 11.1 rmoun nbx nmpi >no by mapnn 


EBtAL = EBAL = BE^L 
EAL = L 



:aaba o’yopn oiaob lain e£l oiaon 
B t 0 ia« biboan yop xin L noxa 


:ni»nb lain pmm 
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:nonN pin mtya »oiAa n*rt» aitunb niNaAia naa by bantu 

»9ioa »k b>»n bm Aon n-r«n 11.4.1 

b*na r pmaa B »tuAan mvn tin awnb o»:nn iimN ok 

bibon b’nb a>aon roai >Ditu»N 
1 ii»an,r ovni >bAyn ♦3va»*T 
»nw rw o»’pa ntn bibonnw 
.bAyab p»wn mm . n :mw’aan 
ibaiAa nnu nid .a 
. maipjn baa 

xin nyan L awxa 11.2 -a a»ai 
.bAyan np’D 

B- 2?rr = PqI 

Mo 

:ainab ijvj ^ T>Mn oipna 
:nid I oat la o*mw b*na r pmna B »tuAnn rrrom 

B = = 2-10“ 7 - (11.3) 

Z7r r r 



M° 

■=- = 2 10~ 7 
2n 


omro b»na 20 cm pmna ’VUAan rrrwn nasiy »na :'n nnAia 


?5 A bo oat ia 


B = 2-10“ 7 - = 2-10" 7 — = 5 10- 6 T 
r 0.2 


: )tano 


.X -n "vs by ruin 1 A bw oar nwia b’n : 'a nnAia 
Z naipAa »tuAan nawn ina 

?b»nn in 10 cm npmaan A 



: nawn nnxiy nx ba oaip awru : i iano 
B = 2-10“ 7 ~ = 210’ 6 T 

(11.12 A ni’x) 

livani .iiwrnn pa’ a» bbaa tiamo aa ot>b?iii>am 
7 a irtn nawnt) iivan ,’b’bwn Y -n a’x i ivaa Bin bapnan 

. b>nb A naipjn jin aanan ipb 
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oj jipnnnn B rmpn ,m«n nniNai 
Z-n -vs mum 1110 n»n> ,10 cm N*n 
Y -n -vs |iV 3 i c rmpn , >b»i*i!in 
z -n -vs 111*32 D mipaai ,>2i*nn 

.*21*nn 


( 11.12 B n*s) nmo pma Jiipnnnn m*npan baa 

. nnr n»rm mm nnsiy Viin in 
ni’saw »-Tn*n ni>nn nvsn jin o’rvmb 
»2n»n n pl?n by ^djioj ( 11.12 B) 
y X -n -vs huno ,YZ iimn - non 
.mtm ivjin 121 ‘i-rn in nsi* 

( 11.12 C TVS) 

1 iwNan i>n> a* bboi onnortb -mi* bp nr >-rn*n n :?o*na 

.’ojjnn mwn iii»d jin Nisnin 



.nrn nr 1 m pnnna n’Nsna o’ivapa o»V»n »jw : ’ A naan 
. lion 111*32 2 A cm *1021 2 A bo mr mn -rma 
<inn i?N 0*01211 o*nsi* rtbynbn oana o»>»»nn jin -v*sj 
:J ivtipj nnaa *oaann mm jin awm .( 11.13 A *11 *s) 




J c 


/ \ 
I © 

v y 


( 11.13 A -n*s) 


, ranna jwsnan C mi pa 2 P>*nnj 
1110 .D*>**nn ia niio pmaa 
I, men ia oa »vmnn mm 
lii’aa Nin i 2 mm in on 
Ii 'ro ’oaann mm nnsiy .non 

: N*n 


B, = 2 10- 7 


2-IQ" 7 -2 
0.5 


= 8 10- 7 T 


oirnn npn-mb nno I 2 mm in C mipan bo pmnno 111*30 
mom .B, bo ir> nno b 2 -a ’oaann mm nnsiy n*nn I, 


:n*n* inpon 

By = B, + B 2 = 2-8 10" 7 = 1.6 10" 6 T 

Nin (Jnopii inro norb aim) *oaann nnon bo iivoni 

1 m pmna nNsnan D mi pi 2 mm nnsiy jin 20m .non *d !?3 

:o*mmn thn i 7 on 
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D 



(11.13 B H’X) (11.13 Civs) 

rvnpjn nx nannn ipb -pixa »ounn men iivaw iiafb aiwi 

.(11.13 C avs) b»nn oy 
:nnt o»b’»nn »iwn nvin® n*ran nnaiy 

B-) = B 2 = 2:1 ° 7 - = 4-10“ 7 T 


rcnyn by onix v»xi muopii onix nanb »td 



(11.13 D ivs) 


B x = B t -Slna - B 2 -Slna = 0 :ODxnn X -n -|>X3 bipwn 

By = B, Cosa + B 2 •Cosa = 2B, -Cosa :xin Y -n *i»33 bipwi 

11.13 B n> 2 «j xsoj a n>iirn nx 

Cosa = =0.5 a = 60* 

B = By = 2B, Cosa = 2410- 7 0.5 = 4-10" 7 T 

*ato3 *=»vj ’V)J A on mtjn 11.4.2 




(11.14 A ii'x) 


. b>ba by »|Dibnn ©in by banoi 
">oioj>x" xin nxinnn b>bon 
1 ©p b’bin oim«( niyaraa 
arvpa .L » R lanxn nama 
*pna n*Tww mxb ban nr 
*i>xb b>apm n’nx xin b>bon 
.b»bjn 

.n»Jib»o oi xnpj nta b*bo 
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*r» am mrya vno yap»a 





TT0 '0 00 

(11.14 C vex) 


Tbon Tim >oaann n*Twn iiva 
!?ioa wnnwa oki , i iwon i»o> 
ik Tban >aabw b»n p^n >aai> 
nniK bapa vmKW b»n pbn 
.nKxinn 

im nm» Kin Than i>w "pina 
.11.14 C nexa 
mtya »\aaann mon aii»>m 
n’a’ix iiniK naoK pin 
ia p»wan mwrw !?ibon nnai> 
nawnw ik ibia mul nii« 
.o2K3 niiti p*wnn 


na»K aivin H'y) t?»3an -ex'? ieapn v:?an Tinaw >ii»on maa 
(AB) (. T’nK ^''yxsn Tina »oaann mwn »a 


D 


c 

&)£R)(R> 

&)&>&) 

(2) (£)(£) 6$ 


) 

\ 



0000000000 


pim in^onn yop \inn 

Kin >\aaann mwnw -p -tko 
o*yiapn >awi (CD) odk 
d’DJiko (BC,AD) o’nannn 
TiiKn ’vaaann mwnw *p onb 

. onb 

muxa aanK pina vnrwi 


: mxipnn 

(11.14 D 11>X) BL = PqI 

.X Kin AB yopn 'yv yiiKnw mKai »nno Kin "inaaw ^i^onn 
oxnoxna tiok Kin ,niai!ii> >ia> ia»K nrn TiiKni hiko 

. Tirana 

.o’Dis’bn ma’oxa »ibn maona Kiion I o*nn 
nnw Kiban o-nn .thk m’n>a tvaiaPn noon m n -a i»oa 
o*nn nnxiyai -piKa ^aam tiik na»n»a o»oiD’^n naoob 

. Tna 


BX = ponXI 


B = p 0 nl (11.4) 


: ixam 
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.o’DAD’b 2000 ada b»n *iDAb 20 cm adtakd b’bA by : nnAA~r 
?b>ra »OAAan mwn Ann .1 A bs oir b’boa omn 



ii'A) b»nn iak pbnb -t’-is AnwbD b»n txa’d ’da An mw DAD’nb 
m« n jin iwnbi ,L it ini onn nm bo o’ADp n’pbn nnnb (11.15 A 
. bApw KAxnbA nnnb ,P rmpAa vop bD -ixa’d B n 



(11.15 B ta’X) ( 11.15 A ta’x) 

w* bDK ,nt too bD nmb Tnyn xini nnvn iDAon ’onna b’Ain Ant 
. TAJADb TDDK lb OJAAKD 0”TDn’OA O’DADD O’Tpn HOD 
ntDb b»nn bD o»aad o’pbn bD jaaaadh mnAinn bo rot irarmn nnoAAn 

.tdd-A’d rotnoAA roopA P mApAa ’daA nn 


in L* ynpn bD pmnn ok .(11.15 B TA’x) AnwbD b’n by bDnoA 
:n»n» i yopn otaod *da Ann mwn m ri KAn P ntApAn 

p 0 I'Li Sinai 
4n ri 2 

P rmpAn bK nannn Apn i»ab ( ak) b’nn i»a n’AAtn K’n 

( ri ak) 
n»n* ’bbDn mum 
:nATwn bo oado 
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room »oaao m« Po ’non>on nopnn roT mo-i’n pin jvirVa ninoA 

.n’bAyn ro»no 

n’bAvn no » *io roono. » v>i >nh n-ron 11.5.1 



n»i>Ayn ro»i3 2?y PonoA on 
K»n ri l a pa n»iirn 
n»nn Nin -i 90° n’nn 
.a mxi inoAo ro’non oi>n 
:11.5 nmmi n»2(A 


(11.16 ni’x) 

B = IjoI-sr-LilSingoV 2 L . 

4n *- a 2 -I 4 na 2 

:PAynn <ip»n Nin nr nnpnno P’nn bw T»iNn bob nnw I L* 


Z Lj = L = 2na 

o _ Hoi . 2 na Pol 

4 n a 2 2 a 

B = (11.6) 


t 13*1 


X~iKn n*T3 Ova »03 Ann n~rwn 11.6 

1”ny nr ’oaao m» ovpb ni’on ,»oiAn mo ®» \ono onob o’lon 

.mvvT’ I’niAiDn bON ovn ny nyn* nA’N 
»od onnn nAon xino mi >ao by inobo oipno moAAn onn o’wa on 

.omn inoO 11.2 <i’yoa iaoono 
liox . ’ on a in* An iio2on pi’nn ia’n n’OAAnn onnn ttnoo i’bN iioxn 
. ’ooainao iioxn in 1400 km inyo pnnn Nim »oaA n oinn NnpA nr 
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by mipib mipia o’lnoa *on<i ivra bo »oiAan m#n namyi pi»3 
npi ona) x-ikd uno >iab b*apa ia*n pi»on .x*wn -mo >ia 
I'Dibi b»apan a*3*ib »oiAan mon tin pbnb Aim pbi (niioan 
B e x = 3-10 -5 T B e ,| = 2.9-10~ 5 t : on oonyn bNio»a .-yiiNan 
mon bo »paiNn aonna pn yaoin N*n moiAa ana inbio by mu on 
noiia on yind 1113 bo *oiAan mon nyaon on niN*ib in»i .»oiAan 

.boab b»n »*t* by »oiao mo nx»A vbN 



(11.18 B H’X) 


(11.18 A n*i) 


n»n»o bipon »oiAan nton pvob ONnna moon moiAan onan 
.onan pi *3 on o»on b»na o*nn nb*TAn in mopm , mipia 


pi*3 .tpoaao ona nnno 1 A bo onr ini b»na 10 cm pman rnoAvr 
?n*oiAon onan noon mnt nr*Nn . oim-pax b»nn 


tga 



:bipon rrron bo n*iifn N*n miirn .-jrnna 


Bi = 2 ^0- 7 l = 2 | °1 71 = 2 10- 6 T 


B e|| = 2.9 10' 5 T 


tga = 0.069 a = 3°56' 

imn ran* o*n bob n*oon n*m on titan b»na onrn on moi on 

:p I bo n’Kpiiao tga bo 



(11.19 11*1) 
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bw »03Aan men bw »paiKn a»3*in 

tga 2-10 -7 
1 rB «n 


jtk Kixab in>3 yis’wn nmian 
:b nnw yi3»wn >3 'oxn H73 


* 03 AQ <~|A3V^ 

nvnb ttaio *o3Ann ^own .’©3An now bw Awian Kin too aiwn awib 


. 13TT 

B »o3Aa mw 131 b’bo Tin bK A 



0 = BA 

may’ mwb TJiKai mnn Kb nao 



( 11.21 11 - 1 ) 
Aj_ = A-Sina 


0 = BAj. = BASina (11.7) 


naiy Kinw nowa »oa Aan men nbaoa 
now nbya mop nmoa o’333 ok 
'poo . nmoan tvt »oaab mu may’ 
nbiiA n»nn »o3Aan mwn nasiyw 
0 ita n*n» nmoan noww baai mi’ 
now mi* nmoan tvt may’ mi» 

.»OAAa 

0 »a n»3ii»n niKa »o3Aa now iao3 
:vway *Ty ii’Knw naai 
K’ni nmo’an nK nap aaioj ok baK 
!now nina nom 
nownw pbnn ,uniK i’iyaw pbnn 
.mwb TAiKan pbnn Kin , ia*n *iaiy 
l»aw n’lira a miitn ok mm3 ok 
: uk nmoani ’OJAan n*twn 


:n’n» »o3Aan n*>wn 


(Wb) .nan mnpjn nmn’a ttoj <t> n°wn 
.1 m 2 aw Tnn nowa *iaiy 1 T bw »03Aa mw iwk3 nown Kin 1 Wb 
mwn *a ,’03 Aan nown ni3’3* bya ’OAAan mwn by banonb in’ 3 

.m 2 000 . w» Wb naa 13b naiK ’03Aan 

0 Wb 

B = ^-> T = ~ y nan m»n»b mwpna nboo nmn’n iabi 


11.7 
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>o)jn rrnib jiojdio 10 can nybx tiiko myia»n m>oo : 'k nmi-t 
: o’Kin o’nxnn iruonn tvt io»n inn .5 T innsiyw t’dk 

:m«b roJtKn rmonn . k 


0, = BAj_ 
02 = b Al 
0 3 = BAx 


B-ASin90* = BA = 50.I 2 = 0.05 Wb 

: min'? nb’apa rmonn 


BASlnO* = 0 
BASinSO* = 50.1 J 0.5 


:irrob 30* n'im rmonn 
= 0.025 Wb 


.a 


. x 


fn’D .11.22 nvsao ABCD imonn tyt -any 5 Wb bo *ioo :_^_nnm 



.z -n n»x iivaa Kin >oxxnn mwn 
:nmAonn noon nnn 
?ABHG (1 
7EFCD (2 
7 ABEF (3 


: 1 mno 

ABCD ti*t ioon in n>snn Kin ABHG rmonn -p*T nown (1 
^ABHG = O-5'0ABCD = 2.5 Wb : 13^1 

mo’nn by rmonn bo bo’nn Kin EFCD rmonn in*r <ioon (2 
Ax = A EF r CD Cos45 = /2 -A abcd • Cos45 = A ABCD :X-Y 
0EFCD = 5 Wb 

: bbD low miy Kb ABEF mi onn in (3 

= 0 


'ABEF 
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IB^AL ■ PqI ; BL = Uol 

B , tBi , toi ] 

B = Ho.— = 2- 1CT 7 •- 
ztt r r 

B = p 0 nl = ^ 

B = ^ 


p->an 013*0 

: ma^ni o>wmn n>iwinn 

[Wb/m 2 ; T] B >Oiin mw 
[Wb] 0 ’*>lin 

: u~p»nw mw-mn niKnoun 

:PDnx pin 

:-no-VP pin 

:»Dioj’K >>m r pmni >oJinn mim 
: (n»3ib»o) ii*)N b’bo rami »vmnn rmm 
:Ji’bjyn ro>nD oma >w»m mwn 


0 = BA± = B-A-Sina 


: »oi m now 
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TV)bXP 

'k nrn 

?2 A bo oor ia ooito *3io3»x b>na 0.5 m pnoan >o33an moo ma .1 

mu ox 20 cm novooo n»b3va ro»73 bo nonaa >o33on m«m too .2 

?1 A bo tnt na 

bo o*in ooab o’3i3»b 100 iai inx b»bo Tiro ’033on men tna .3 

?1 A 

moo tna .11.23 7i*xa vm3n »3io3»x b»na mn 2 A bo oit .4 

B(-2,0) ;A(2,0) nvripja (iivai bai3) ’033an 
D(-2,-l) ;C(1,1) 



(11.23 iVx) 

.(11.24 ti»x) nan oio’aa xxajn ’dioj’x b’na ooit 1 A bo oor .5 
in oj mxxain B -i A nvnp3a (jnoi bat a) ’033an men mo 

?77n oio’aa 



(11.24 ovx) 

pma nt’xa .B x»n »033an mm nasty »3to3»x b’na 1 m bo prnaa 

?0”30 ’3 03Op ’03 300 0700 nBXty O’OJl b’OO 10 


.6 
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“ivs) Y -n *i>3 K*nj i>»nn .5 A bw o*tr our >dioj»x b»m .7 
:nixm ivmpia (iivdi bin) >©3Jnn mwn inn .(11.25 

A (-1,0.0) 

B (1,0,0) 

C (0,0,-1) 

D (0,0,1) 

E (1,0,1) 

(11.25 11*3) 

nil© o*ir o*ivr nrn nr 0.5 m pmni n»K3njn o»b»apn o»!?’»n .8 


:nixnn ni-ripm bipon >©jjnn non 

inn 

. 111 *Dn 1 J 11 K 2 1 A 111 



■ A,B,C,D 

D 

C 


f 

t 

♦ 

B._(^S__ 

,_lA. 

0.25m 

til— >< 



0.5m 0.25m 0.25m 



(11.26 n»s) 

.50 cm 2 mow© nuon in naiy 10 -4 T t’nx >\mn m«i .9 
:o’xan trnpna rmonn tvt ^own inn 
.mV? ronxn mionn .h 

.mV? rt> »apn rmonn .a 

.mv 1 ? 45° -2 mionn .a 

'2 nm 

k!? o*i r >1021 1 A onr irna .mr o*m o’b’npn ’J ©2 .10 

.nrn nr 1 m prnna o>N3n3 o»t7>»nn . yi*T> 


■*- 0.5m—►-*-lm 



0 




A 


o 


(11.27 *iV3) 
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A naipja 3ipon ’OJAnn naon ox (iu»ai 3au) I mm inn .x 
?oax3 nno o*3»*nn »Aon mui pnana nxxnm 
A naipia 3ipon ’ojmn naon ox (in*ai 3au) I oam inn .a 

?n3yn »a3a 2-lcr 7 T -3 nnw 
?B naipia 3ipwn *oiAnn naon ompnnn anx 3aa inn .a 
3o nraan xxni 3*nn in 1 m pnana .2 A 3w oit out »aioj»x 3»na .11 
.Iiyon iii*32l A 3o mr out nai 0.5 m noimia n*3Ayn nama 

.na*aan n»>nA xxm 3>nn 
?na»nan taana 3ip»n *oiAnn mm inn 


(11.28 ivs) 

,*loua .z -n a*x 3y xxm 3»nm 2A oit out »aioi*x 3»na .12 
.Y -n a*x in*aa 10~ 7 T 3« a»nx *OAAn nao o**p ,anann baa 
tnixan niaipja (iivai mu) 3ipon *oiAnn naon inn 

A (1,0,0) 

B (-1,0,0) 

C (0,1,0) 

y 

’X) 

3*n .1 A 3® nuo oit oair nt3 nr o*aAixn o»*aioi*x o*3**ji »jwa .13 
maipia 3ipon mm inn .Y -n a*xa uw 3»m X -n a*xa xxm anx 

tnixan 
A (1,1,0) 

B (-1,1,0) 

C (0,0,1) 

y 


X 






(11.30 ai’x) 
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o»o*ian 5000 I’no'T) naoni 60 cm vnixo Tinx mbo Tin bx 
ont Din b’^oi .2 cm -i 1 cm n>niyi>x tiixo mop n*Aaan imon 

.0.5 A 

?rrr»n iivab nanxn x>n ox nmonn ttt »OAAnn Town inn .x 
790* -a nmx o>aaion ox mionn in >oiAnn nowa >iA»wn inn .a 

745” -a nmx o>aaion ox nmonn in »oiAnn iooa MA’wn inn . a 

>oiAnn mwP naJixn mionn nwxa ox ’OAinn iooa ’iA>wn inn .1 

?o”it> >a mtn nnxiy nx o’^»TAn 

R iovtiw »P»bA P*n tijui imn mwn nx nanx pin mtya awn 

.rn»nx nia>asa I mt ia mm 
(r > R) x^nn .x 

(r < R) b»t>in Tina .a 


.14 



.15 


(11.31 n>x) 

naoyn w» b»nl> a>aon . nmnx ma»axa I mt out »5 >i»a b»na 
H’x) .iiann in»aa na»nx ma>axa I mt out nai n»;?OA 

m®n inn awn nanx pin mtya .(11.32 

: >oj inn 

(r < r,) »n»Jan V^in Tina .x 
(iT < r < r 2 ) ’n*jan xinn .a 

(r 2 < r < r 3 ) n’b’bin naoynn Tina .a 

(r 3 < r) n»b’i>An naoynb xmn .a 

(11.32 *n*s) 

iy>* tiik® yia»*i itamai nw*n o*ixi> o*’aioj*x o’V’n nyanx 

.5 A 1?w on o’mtn >a (11.33 n*s) 1 m 
:bipwn ’OJAnn mwn inn 
.yia»nn tanna A mipia .x 
,C . mnnnn 20 cm B mipja .a 

.A mipin in m»n» 1 m c mipja .a 




\ 1 



• • 

00 > 



1 



.16 


.17 


(11.33 n>i) 
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yia»n o’*ixv (11.34 n»x) Tm *iiw»ab d’3S>j o»b»3pn o»b»’n 4 

2 A Kin b>*n b33 mm .1 m iybs yiikw 
,yi3‘*in rams A rmpia men inn .k 

?n»byn 0.5 m B mipia m®n inn .a 


O 


• B 


® 


.18 


• A 


® 


o 


(11.34 iv*) 

mt 131 b>nn 2 cm pmn3 nunro n»vmn onn n»nn naw jimrn »nn 
?bmn ii">>31? miian onnn nnm bma mt n»n Kbwa on ,10 A bw 


.19 



(11.35 11*3) 

,b»bon -van 25* nooini >paiK inx b»bo rama rmain n»Diin onn .20 
.0.5 A b» oif b’boa .anya-mrn Kin b>bon *i’x iii>a 

?b’boa o»aia’bn nia>ax »nn 

o>b»*na .30* b» nmra nr jik nr tramn o”31oj»k o»b>’n ’iw .21 

.0.1 A bio mt 

na»nn mipin ni»n> 1 m regain A mipia >v>jjnn m«n inn .k 

.(X -n n>33) o*b>’nn }>a 

*ii3»nn mipJb nnnn 1 m nKxnan B mip33 >ujinn m»n inn .3 

.(>b’bwn Y -n *i»aa) 

irnpi byn anb 'ona 1 m nKxam C ntipja ’OJinn mun inn .a 

.(z -n -px3) ni3’nn 



(11.36 H’x) 
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Y )1VM B=5-10" 7 T .X .12 

.» 2 i*nn 

Y i v> oa B=3-10" 7 T 

. *b>bon 

*i’xn 75°58' B=4.12-10“ 7 T 
X-Y Tiw’oa >ivnn Y -n 


B=0 

:A 

.13 

>2i»nn Z iii*22 B=4-10“ 7 T 

:B 


1»2 45° -2 B=2.828 • 10" 7 T 

:C 


’b’bon Y *i>jn > 2 i>nn X i>x 



0=1.05 10" 6 Wb 

.X 

.14 

0=-l.O51O- 6 Wb 

,2 


0=-3.1•10“ 7 Wb 

. 3 


0=1.05-10" 6 Wb 

T 


B =^Q£i_ a B=^ 

2tvR z 2nr 

• X 

.15 

B= _ydL . a b-1^!- 

2nr 2nr 1 2 

.X 

.16 

B= Vol. (FzL-r 2 , 

2nr 'r 3 2 -r 2 2 ' 

. 3 


B=0 

.1 


.nn>33 B=8 10 -6 T 

.X 

.17 

. nn»is B=8.7 10“ 6 T 

2 


.nn»33 B=2.67-10~ 6 T 

. 3 


B=0 

.X 

.18 

nbyn in»3i B=9.6 ID" 7 T 

.2 


a=73°49' 

.19 

n= 22 lx n= 21 

.20 

. «l*m *rmb B=4.14 10~ 8 T 

.X 

.21 

B=0 

.2 



.nbxno B=3.86 10~ 8 T . 3 


mbxob maitin 

B=8-10“ 7 T .1 

B=3.14-10" 6 T .2 

B = 1.26-10" 4 T .3 

Y-n -vs m’D2 B A =2-10“ 7 T .4 

.» 2 i»nn 

Y-T1 *1’X 11V22 b b = 2- 10“ 7 T 
. »b>bon 

*i*s byn 45° -2 B c = 2.8310 -7 T 
. »b>bon X-n 
26°34' -2 B d = 1.79-10“ 7 T 
.’ii'nn X-n -vs nnnn 
.•inn *pnb B A =2-10 -7 T .5 
. vm -[inn B B =4-10~ 7 T 

r'=2 m .6 

B e = 7.07-10 -7 T B abcd = lO" 6 T .7 
. *avnn z -vx :A 
. >b>bon Z *i»s :B 
. >b»bon X ->>x :C 
. >3vnn X -vs :D 
n>sb nnnn 45° X-Z no»n :E 
.» 2 i»nn x-n 

B=0 :A .8 

.non B=6-ID -7 T :B 
.nbxno B=8-10” 7 T :C 
nbxno 18°26' B=10.12-10 -7 T :D 

.noni 


0, =5- ID -7 Wb 

.x .9 

0 2 —0 

.2 

03=3.54-10 - 7 Wb 

. 3 

.rennn i=l A 

.X .10 

. nsinn 1=0.5 A 

.2 

non B=5.3-10“ 7 T 

. 3 

non B=4.66•10” 7 T 


B=16.57-10 -7 

T .11 
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rma ^ypa 'py ron - 12 pns 

Knnxn 12.1 


.nvAAnn Oman ivon »"v - *oaao n*ro nxAA *rxo AA*xn ompn plan 
, oaoa’x Vn t’OAAnn rrwn n*AA onnia d’oaoo oopn noon AAnn*n 
.n’nx >oaao nn -)xi a A3Ann max i>OoA nOAyn noon 
K'y .’ojao row lira xxmn Onwn iyoni> nmp na mm ntn pnan 
Ayonb mip nn nbxwn xbx »oaaod n-ran nxAA txo nmwn paova 

. AaAnn Onwn 

i»y ^pnb ’xa oo’nx o”OAAn mnw non A’n* o”OAAnn mnwn 

.nAX’nn 


»v>A An rrrwn ron 12.2 


•oaah men xxmn Onwn a yon w* Annw ron m nxro o»xn nwxn 
:mnAwn m’AA’OA nA*nAy non nvrm wonro oo”n 
. *oa An nnwn ro wonn xi> (Onwn iyon non) Ono’A « 1 aa .1 
.ro won’w »t 3 nvAinn nA’nb n”n Onwnn ivonn .2 
’OAAnn irrai lAAxnn non nA’ro n»>n Onwnn ivonn mn’nnb .3 

.ro won’ ivonnw ’xj 

aoax n* a a a Onwn ivon np’A ox .mAAnnxn nATApAn *nw nx n»noA 
,ro w»An» xi> oawo xAn (12.1 A mo) »oaao mtn (rnmnn xiO) 

!o”p h'p *OAAnn mm Ab’xn 
Onwnn iyon> ija’A ox 

-► 

_B nnwn i a a on romnn 

,(12.1 B mo) >OAAnn 
ro worn xi> XAn rx oa 
no’ Apn AnyAAnn vwn’A 
! ’oa An row i»x Ai”xn 
n»n’ nAn»nni> ox pn 
mwi? TAAxnn non 
(12.1 C mo) ’OAAnn 
.ro iyonn won* 


q • 


F = 0 

(12.1 A mo) 


F =0 

(12.1 B mo) 
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(12.2 tvx) 


. o”Ao2 »2nonn ivonn mn’nn tin pnaA 
V|| -2 inoAo ’OAAnn mu 2’2pnn 2’2n2 
vj. -2 inoAo ’OAAnn mo2 "piNn 2011 
P22 nn>nan p20 Ji’iitn N>n a on 
:2iio2 221A ’OAAnn mon 


V|| = v-Cosa 


v± = v•Slna 


:nnoiA2 pm ’OAAnn nno2 ’2nonn iyonn o’Anno non 2o i2niA 


qviB = q-vSinaB (12.1) 


100 T mnxiyo *oAAn nno2 p iNnn oA2A 10 -6 C 2o iyon irraivr 
?iyonn o’Anno ron 2 *tia inn .510 6 m/sec 2o mn’nn2 

¥ = 10~ 6 • 5-10 6 ■ Sin90° • 100 = 500 N :12.1 nnoiAn : i lino 

.ron pi»2 nN’sn Nin ini’ nopn p2nn 
TPiir 222 22N ,’OJinn mo2 *no22 n»iit2 npn2 n2i2» mn’nnn 
HB'n Nixn2 221 a (odn 2 nno ron on20 180° -1 0° -2 vno) N’no 

iaoan n2 mipj nmN2 ,’OAAnn mo2 dai mn>nn2 oa qmon Nino 
o>N2i’n o’niopn >ao 22 nnnx o’2’H2 in) .ron jin 2on2 o’sm 

.(mo»n o’*m> mipj nniNn 
n* 2 *n 2 in) t’OJAnn mo2 oai nn»nn2 oa iaino pan n»n* ron 
.(’OAAnn mom nn*nnn o’nspo mo’n2 pan iaino ron ninriN 
o’ a 11 *2 »ao pn pnoa o’ion mo’n2 iaino rono o’ynp iaoan on 
212* tN , *pn nio’n2 iaino ron on ,2on2 ,on2 m»n2 212’ rono 
. <yrnn nxinn rono ni*n2 2i2’i qtn qui 2 n nn’AD rono ni’n2 
’Aon pn» 2’ 2222 onnoA nin”pn nvinooNn ’no p2 ro’ron oo2 
2o ’oaA n m« pi»2 nN’2n2 n»n poNnn .o’222n »ao p2 nop pn) 
(!’oaa n mo2 ro pi»2 JiN’xn2 ’Aoni ,(Ani2n 222) 2’n 

2n mn’nnn pi’2n pn’ *T’ q2 jin o’22ion : >Aon pn’ n> 222 
pi»2 on nNnn ini2n .pao nyiop ini2n noN2 ’OAAnn mm pi’2 

.» 2 i*n iyon o’An’o ron 
12N pi’2n0 1’2’2 pn22 N2ip 222 \2nin) .JIINnAIT TO32 2y 22J10’ A 

(! 12 mn 2 




232 



Ttd Tina ran 
(1) 


Ttn Tin ran 
( 2 ) 



nbKnw ran 
(3) 



n'zvrfr ran 
(4) 


Tr!? xina ran 
(5) 

(12.3 vi»x) 


ra i»x 
( 6 ) 


w»jnnw ran vno m xun!> .’:n>n iyoa Vnta )>n niNaAnn 
1 >k) .»ai»nn iyoan w’Anaw nsn vno;? -pan oiwa , O’bw iyaa 
♦nvn iyoa n»n nt ib>>o Q’nwna . c iou *r* »D2 warning imx 

. (inon jin vioa ooami 
: nixaA 1*T 



♦ v • 


X 
X X 


X 

X 


F 


rrn *pn >h ran 

( 1 ) 


raxaw ran 


( 2 ) 

(12.4 TVS) 


nj»a» ran 
(3) 
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b« nn*nnn 100 T innmyw »ojin rnwb -[Jinan oadj inopbK :nnAH 

?inopbxn w’Annw ron inn .510 6 m/sec 

:ron b-riA niw’nn b>nm : i nna 

F = qvBSlna = 1.6-10' 1 9 •5-10 6 •100-Sin90” 
F = 8-10“ 11 N 

(12.5 -n>3) 

.nj’n» (*>'510 lyonb >iion i*n> bbn rmyn) n>n> ron pio 

*pioj»x b*nb b*npnn 10 7 m/sec by m*i»nnn yi inopbx :navvT 
20 cm xsni Nin ox inopbxn *j»Am«> ron inn . 1 A bw onr in onto 

?onrn iii’nn yji b»nn in 

»a by xxnj i iwo nbwn : i imp 
111 ’3 nx iiwxnn i>n> *t» bbn 
isn . b»nn -im>w ’vmnn rmm 
bx xm mwn i nopbxn xxnj inw 

. q*m *pn 

(12.6 ii'i) 



XXX 

-► F 

X B Xt X 
X X vX 


.b»nn in 20 cm pnnaa »oiAnn rm>n rraxiy nx xsnj »aw nbwn 

B = 2-10~ 7 - = - ~ 1 = 10' 6 T 
r 0.2 

: bu nnsiyn ro inb w»Ai’ inopbxn 
B = qvBSina = 1. 6 ID" 19 •10 7 •10" 6 •Sin90° = 1.6-10“ 18 N 



F* X 



(12.7 *ii»x) 



»V3J An mwa nv n ann mix 12.3 


UK p'zni »ojab rnw *baon iyoa 5v nyunn mix »na mKni? »-to 
.>oaabh TTTwiJ no>Aan n»v»tt» oKnna o»Jion o>npan 
ro o»Ana k!? nrn iyoan - >oJAan mtib !?>apaa oadah iyoa .1 

. no» ipa vii 1 ? T»wnn iDbi 

’vman nnwn b>yaaw nan - ’OJAan rrrwi? iJiKaa ojojn iyoa .2 

n’bAya nyuni yab jyoab mu ma ro .mn»nal> -t’bji *TJiKa 

(12.8 nvx) .nn>na nii« 




X 

X 


(12.8 D'X) 

UK ksbj n’^Ayan nyunn niNnoua 

:aia»on 

(Sina = 1 I3>i nJiNaa ojaj iyoan) 

(o»3ak nnayni v tmax nnO) 

1»i*ta ov-na aia»o y*a> nm nm* n^itA n»rm iyoan mn»na» ioa 

w _ v _ 1_ cjB .ini’ 

27t 2nR 2n m 



!"tikb naion nKmrO uyAn 
Kbi nii’on mrnna Nb nnim dj»k >ojab nnoa iia>on mrui 
noa nniK ’!?ya) cunt o’p’pbn »joo K»n niyaoan .aia’on ovmi 
niriju n’bAya nyun iyxa» »ojab rmi iniKi? o»ojain (iyoa ini.o 

. DTwt> onbo no» a an mn*nab nop Kbb nn* 


nin’tn ran aia»on oi»nn 








Oo nimnno 0301 ID -10 kg 0« noni 5-10 -6 C Oo iyon : 'k noin 
.mOo Tin th 100 T Oo »onn mu Tin On 5-10 6 m/sec 



(12.9 tvx) 

?yia» io»ni moo ivonn yia» inr nno Tin 


yxon qnn >o ton Titnn inrn n’xnn Nin nv’iao oy intn : i nna 

.oio’o »xn pi’TO 
mtnan infO »io»o nxoi 12.3 rmoiin 


T . I 

2rrm 



T - f 

= qB 



T 

Tfin 

* 

e 

i 

o 


II 

IN 

II 

qB = 

5 10- 6 100 " 6-28 

10“ 7 sec 



:Oiynn 

noip Nin ny*ian noip30 oy pman 


2mv 

2- IQ -10 - 5-10 6 


D = 2R 

= qB^ 

~ 5-10- 6 100 ' 

2 m 


oimo Ooonn nn .’oun m»o o’nxoi a p’pOni pona : ' o nmn 
:’v»unn m»n On ioioi on oio’on nnnnoi onOo oio»on 

?nn>na nniNo .1 

?n’oi»p n’iTiN nniNo .2 

; 1 nna 

v a = v p :nn*nn nniNo ioioi a p>pOni iionan (1) 

m a = 4n p : Iionan noaa 4 >a no it a a p’pOn nono iivon 

(2p + 2n) 

q a = 2q p : Iionan ivonn 2 »a Om a p»pOn iyono iivon 

(2p) 
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m <x v ct 4m P v P 

R a = = = = 2Rp 

<ioc B 2q P B q P B 

1 q a B 1 2q B 1 1 q p B 1 

fa = —— = — =-•(-—)=- fp 

2n m a 2 tt 4n p 2 2n m p ^ 

E ka = E kp nvoi’pn ni’AOAxno iii’Dn (2) 

0.5 m a v a 2 = 0.5-nipVp 2 
0.5- 4n p v a 2 = 0.5'BpVp 2 

2v a = v p :!? 2 pi mu nxjnni ) tenon non oixnx mxi>i 

m a v a 4m p 0.5(v p ) m p v p 

R a = - = — - = —— = R p 

q a B 2q p B q p B 

mrnnn ’ ii>n xb xm »2 onpn 2 i«’rt> nnr 2 i 2 »on nnnn 2 io»n 

.o’P’pi>nn 

oada o» ion yrai 2 10 6 m/sec 'y'o mvnni yi inopbx : ' a nnm 
D’H’ io’d ,2 T In nnsiva ,inyiin iii’2l> liixnn ,’OiAn mwi> 
Tnt'o'p ino’33 VAm lo -12 sec mxb i nv>pbxn 


:inopi>xn 'yv n’n’iicn mn»nn nx xsni : inns 

" B ^ s g t l- 10 -3 1 ~ = 3.5-10 11 rad/sec 

:xin 10“ 1 2 sec -\mi ) nop^xn nmv mum pin 
0 = wt = 3.510 1 1 10-’ 2 = 0.53 rad = 20° 
mv 9.1-10" 31 -2-10 6 


R = 


qB 


1.6 10" 19 • 2 = 5.710 6 m 


: 2 i 2 »on ovn nx xxni 


(12.10 ivs) A rmpj 2 i nop^xn n»n »ojAnn rnv'y no’ion va 22 ox 

C rmpA 2 mn ni’io 10~ 12 mxin 
c :n»n» AC on’ a ’2 pnrnn 

\ AC = 2RSinlO° 

'TQU—-T* \ ; AC = 2-10" 6 m 



(12.10 H’x) 

212 ’on oi’n^jnfw nn»nn 2 ’oiAnn mun i>x oiDi mn inop^xn ox 
mxtiA nn>n inm imx 2 inopbxn mvv 0 nnun b 2 x ,nin\ra mn 

.nyi2p 
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my'? -piKoa ik b*apna oiojn iiyo p»pi?ni> mip no u»ki way iy 
: »moba nnira ojdjd iiyo p»pt>nl> mip no voay ttku .’ojjo 
:*oaio mv'? a miit-a oiam iyon (3) 



(12.11 n»x) 

»jom v (| »oiAon mv'y 1 >»apn iriKn .o'loi »jwb jin>nnn jik piDJ 

.vj_ >oijnn m* taiko 

n»nn v„ 'ya iiioa iai?i ’oJAnn m»n jik o’Ain ia>k v„ 

.jin»nn nn» nyiin 

.n*i>iyn nyum yA pt>i ’Oiann mob ax>J vx aom nt noiyb 
:niyiAnn >m> 'yv aiVo K>n jvbion nyunn 



:vx »"y yapi aia»on 


nyun 

ov*n 


mvx 


R = qB 

p niKa inioni ny>oa Kipj aia*oi> aia»o pa iyoon oipnno pmon 
intm nirna nnv K»n nt i»xa nyunn .v (| »"y yapi (12.12 ii’x) 

: p>i aia»o bo iot Kin 


p = v„T 


p “ V 2 *’^ (12>4) 


:n»Aiia nyiina ny»oan 
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’03jo nnob 30° nMm 210 7 m/sec nii’nna 0333 iioiid inoArr 
? 1 ionan bo ny’oan *nm biboon ovm mo .1000 T innmyo 

vx = vSina = 2-10 7 • Sin30° = 10 7 m/sec : 1 1~mo 

V|| = vCosa = 2-10 7 Cos 30° = 1.73* 10 7 m/sec 

mvx 1.67-10“ 27 • 10 7 
R = - = - = 110 -4 m 

qB 1.610" 19 1000 


27 tv.ni 2it-1.73-10 7 -1.67 10- 27 
—=- = l.i 3 o - 3 « 

qB 1.6 10" 19 1000 


jn nr mon mnon on .rnmnn bo ni*mn in nrw baao morb aim 
nyaia nxtn nnaiyn . yiap ono 3 nn>nnn b-m .nvvnnn bo livan 

.m*i’nnb *T’nn *piNO nano qpo 
irmay yxan Nb jvn»nnb qaiNon ro 

W = FXCosa 

W = FXCos90° =0 a = 90° TWO 

W =AE = 0 :n»Jn3Nn ’13’ob niio rmavno iivam 

N’n n»A03Nn) .mi’rmn bniJ da pbi nyiap mN03 run bo n»A*i3Nn 

(jin»non bana pn n’ibni *ibpo 
tXNin Kb *03ao n*rob oaaao iyooo moiN mt 
.’boon moa pn bapb ’boon iyon bib’ oxinji 

rt io«n q~i A iopgcn mv3ib>p’ 

oni ,’03 ao moa ivon nyiana o’onnonn o’-roan »jo 1 ’oay *i»a3 

.nyunn manb nwoAna 13b iooo» 

1 moabp’afn 12.4.1 

.o’p’pbn nwnb *i’oan nio p-ioibp’sn 
•p t’bnon rrroa pn o’XNio ni’nb o’bia’ o’p’pbn ,bax 


12.4 



mxixopbx »nwa Mia nvnb bia» o>p»pbnn X’xa lixp»yaw 
xia>x »xa Tin x*xa ivonm ,oMx’xivna tnan in»i»ai 
xi*x) n*oi»p nMXixb nna’am n»baw n>bx>xioi3 omxix 
mxmn ii*xxi ,Mip x’xa xxpi nr non x’xn .(12.13 

.Maw mu by ini’tra nbxa 


© — 

-j i- 

(12.13 11*1) 

»x» by o’p*pbn nix’ab oixib x»n a»p»pbnn x’xn mon 
xiabb in*i niMwnnnn in .niniai nvix’naa oniwnnn 
. xnwn maa nx uiv i»anbi o’p’pbnn bo >nn3n maan by 

fix nibixi niMX’nnb y’inb >xao x»n nra x*xa oy rvyan 
ni»nan omx xix»b nopi *rxa n’bixi o>bx>xioi3 »ox3n 
nr inx nr nna nmpa naai nna xanb -pxxw ia ,n»iao 
!toaib’pa xni> bo xin bm >iip x’xa oamo pnxnni 
onnon )ixoibp»xn .iixoibp*xn xxnin ir n»ya xinab >xa 
,’onn nxoa mbiyn nyuna aainonb bia» lyonw nxaiya 
.’oiian nxw nxrya "nbaipn" Mipn x’xna mnpn nxixnni 



:n’pbn 3 -a Mia iixvnbp’xn 
nxixno bbia) x>nx »ona rrro o> ana xnx baao b»bi >xxn 2 
o’xxpi on D n’biixn mxn nxix nx nx»arn ona xnx ba bo 
px .>bnon nxw bo xmx xxm o”onan nixon i»ai ("»x" 

!iyonn x’xn nr xir»xa 
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Kin oki ,X’Knb n>sn« iyonn jik >bnwnn man bK o>ouin 
mwn bK onui ,»bnmnn man iu»ia vno hid »ai>n iyon 
Kin »ojAnn niwi .(12.15 n»xa 1 yop) nn»na oy >oJAnn 
niwn bK nm v’Ani ,(12.15 *n»an 2 yop) aia>o >an yann 
n»n iivm iniKi i>»iy n»n 'bnmnn mmn ok .'bnwnn 
p’pbnni >bnwnn nimn 111 o jik o'a’bnn pb !o’kq p’pbnn 
uwn »oJAnn miiA mv nbiiA mvna oy ojoa .aim x’ko 
jik .(12.2 nnoun) ini' biiA oimi aii’o >*n yxam 
.au»o »xn ba o»a>bnn »bnwnn mm 1110 
in kxv p*pbnni p’aon ^iia au»on oi»ti o»ion abwi 
o>-inK D’p’pbn naxanb p’pbnn mnnmnb iwaKi inoibp’xn 

. ( miK ix»Kn nt b>awi) oyip’ii 




(12.15 il'A) 

>ai« oiwn nyup ’bnmnn mmn 1110 bw nabnnn m t in 
nnbn Kb *ojao mm ni’on nn’in ,12.3 nnoui u’kiw 
ooiin nt ii»yi by .aii’on oi’inn nyunn ni*i>nm 

. i noibp’in 

oKnm nabnnn m*vin jik oya bi numb n’n inu Kb ,mnK 

.p’pbnn oip»nb 

. 1 noibp’in oi’ii »a by nyipu n’ba’omn nii’nnn 


mv 
= qB 


■» 


v max 


qBR C y C 

-< 12 - 5 ) 

m 


»in u Kin ’bnmnn mm »i»i i»iw o>bK>uoian mian ok 
n»OA’p n»AUK bipn Kin ’bnmnn mm my lyonnm oya bum 
E p = qU :n>bK’200i3n n> Alim iniKb niimn 
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ni’oi E p = 2qU : mwa o»»aya iyoan aaiy am aia>oa 

naoin 5a qo oa ia5i n*5x’Sioian n’Aajxn iaaix qo 
nSoaia anx aia*oa naonnaw nnaAxn xin moi>pn n>JUKn 

.n n»aia»on aaoaa 

E k = n-2qU 

E k = 0.5 mv max * :K’n p*p5nn xsv nmxw moj’pn nnajxn 
0.5 mv max 2 = 2nqU : P^I 


= 2 


( 12 . 6 ) 


manna o”nw »a x»n nawnn mm 5w naannn nnnn 
»xn 5a iii'D <i’5nn5 vise iii*aa ,p*p5nn 5w aia>on 

.aia»o 

,f = 2- aia , 0 f = 2-i-95 = a§ 

a i a u 2n m itm 


rmnn 1 


law »oiAan muni 1.5 m ion inoi5p>* 5w lovaa rnaAia 
5w q5nna nna 5yaia o>>ojAan nnm nw i>a -0.5 T kid 

.1000 v 


inoiapna iiwna nx’ naw n»5a>oaan ma>nan »na (1) 

?nr 


qBR _ 1.6-IQ" 19 -0.5-1.5 
m ' 1.67-10- 2 7 


7.210 6 m/sec 


>5awnn mm mva nx q>5nn5 vas mrui ir»xa (2) 

? 1 ionan ia aaino>w »aa 


naann 3 


n = v„, 


= g g= ^ 


H Z = 15 MHz 

nm Tt-1.67-10- 2 7 

?xx*w ay iionan nwyw o>aia»on aaoa ina (3) 


m_ _ (7.2-IQ 6 ) 2 ! 67-IQ" 27 _ 


>x ' 4qU " 4-1.6 10" 19 1000 


= 135.27 = 135 


.135 xin iionan nwyw oma»on aaoa 
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TVioan *1 a *» oppo 12 .4.2 


.o*3ioir»K nnsrt? i*®Da Kin moan iiaiopao 
laoa oy no*n iniK i?® nm« mux on .iioto ,o*3ioit»K) 

.(o*ano*u >v naiw 
onoaa Kin no*n iniK i>® o»ai® D*aioit*K i*d biann 

. luiopaon i?xjn it maiyi 
:Kin 'Dun mwa aia»on oi»n® Kin viiriKn imyn ii*yin 



iniK oy >01 Jan m®n miKD 1013 * 0*3101 r»Kn bow jku ok 
i>i*jn pi i*n* o*aiwn o>oi>nn ,nn»nan nniK oyi iyonn 
.o’Dioit’Kn ni3i> loi ,mai®n moan 
1 nopbK 0*3101 t*Kna inK ^aa o*pt>oa nnt n»n» iyoan® *io 
• i*n* *ai*n iyoa »bya!? oi?i3 jik o*D3in id ,iitk 
.o'pio'y mi® nn»na m*ma Kin nwpn pDnn 
:o*p3n n®i3®a roiia moan quiopao 
I P^n II pi»n III p>n 

*np x»Ka m»n»na ma o»3ioit*K 1*130 



/ 7 

_ V 

X" X 


XXX 

XXX 

XXX 

B 


(12.16 ll»x) 

n»JUK ri33in nt p^ni ,»np x*wa ton ii®Kin pbnn 

.ji’oa’p n*Ji3Kb n»bn»n n*i»K»xJoi3 
qU = 0.5 mv max 2 I p1*n 

bi*ja oj maio m»n*na muon moab ®» ntn pi*nn 1103 
n*ni*nnnn mi»nan® ^>jd oji noon n*ibn n*oa*pn n*jUKn® 
m*n^ omai* onp Kin *a®n pbnn I’pan .osk i»an nn*n kD 

.mi® mi»na »i*ya 
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*Awa aoiia ni»i*vnan mia .nvn»nan min Kin II pbn 
.(12.17 -ii>x) »bawn ntm on’J>ni mmb 


X 

X 

X 

X 


B 




X 

X 

X 

X 

X 

X 

X 


qvB 

t 

© 

9E 


(12.17 nvs) 

b>yoi ok .norm iivon nob o»»ni*nn o’Ayuab on a mtin 
non , >bnunn mwbi mvnni TiiKnn ,«nn Tin bK ’oaao mo 
, .nbya »obo (>jwn i»n* *t» bbo »d by) n»n» ’vmnn 
.-iw» ipn yij > p'pbnn >bawnn non jik bona »oiinn non iwko 

?mip nt >na 

Fb = Fe 

qvB = qE 

v = | (12.7) 

oy p’pbn pn ,o»nni ’ojao mun >batin mwow main nKt 
iwp Kbb) . *>w» T’vn' 12.7 nnonow on>n jik na»»pan mi>na 

.(mono mwn mi>i , nyoab 
prn n»n» »ojAan non ,mi’ nbm p’pbnn bw mrnnn ok 
mop nmnan ok .nbyab nby» p>pbnni ,’bawn non )t> *wv 
nn ioi ion nt nbw mKb o»tii . noab p’pbnn *n» ,*ini» 

, io noy> i«n iyjw o’p’pbn pn .no’ion nno bin pvrn 
byn Kin nr pbn myw »n bo lyoani noan nibn Kbb iobi 

E 

mrna 

15 

now po w» nrn pbnn .o’3ioir»Kn o’oooia >w>bwn pbnn 
.onoab oroina o»nninoa o’Aiwn o’Dioir»Kni ’oaao 
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(12.18 ivx) 

. 313 ’on *« o’-iopn tnan Nin (12.18 ii’x) x o'pmnn mhdd 

(In'ovnn «nan n*) 

X = 2(R, - R 2 ) = 2(§* - g2) 

X = |<"i --2> =^ m 

:*3pii i’xa 12.7 rmouo nAim nn»nnnv iii’oa 


X = g^Am (12.8) 


iyoa ’*y3 8 0 17 8 0 16 ixan *v o’aivnt’N »aw :na^vr 

rmn ,0.1 T *w ’oaao rm> nv mon Tiiiopaoi o’*naia 

.10,000 N/C *w '*nvn 
?o’3ioit’Nn ’iv *v ny’JDD nmpA i*a pman ina 

.mN ino»m Nin o’aioit’Nn ’j\y i»a noaa *n inn : vnna 

: io* 

Am = m n = 1.67-10“ 2 7 kg 

2-10,000-1.67-10" 27 ,, „„ „ „„ 

x = x 6 -io- 19 o.i 2 - = 2 - 0910 m = 2 ' 09 ^ 


>03 An ntwa. Dir *»n *>v non 12.5 


1 »k *»na .oi*3 mp» n* ’oaab nro imx o’vai *t»*ib *’rt np»3 on 
o’ a nop*Nn *v nvnp’an myum» 73 o’jyoa *v miioanyiAn 

.o’Ayoan *y no i»ni it tin it jiirtpa 
Jro v’AT’ 13 Nin *’H 3 ont o»ntA on ,*in 
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ba w*i*inw ram nnr on’by nimnan iii’bw o»iyon ram «» i»toy 

. bmn by bip® *mK rob mnnn onn itiK 


X f X X f X x * X 





d 

v ©-► v £ 

^—► V 


X X X X X X 


(12.19 -tvs) 

»oua dto Kxnin mr mm b»n by inn ravraw ®’>*mb aiwn) 
Kb bnK o”p Kin oj . insy b»nn *>x’® ’tmnn m«n Kb nr .’Jism 
m«n nK pn ti’nn may bmn .ra'non by KbK insy b»nn by y’o®n 

.(»Jismn »oi>an 
.b’nn ®’A*in® rob >io*n Ksni 
:b nnwn ra «'nn L ibHK® b»na triyonn in nriK bb 
F q = qv_i_B = qvBSina 

:o>iyonn by mnon oibo Kin ibib b»nn by ran 
Fj = IF q = EfqvBSlna] = vBSin-Eq 

ran nayb iyonb npibw inra boaia I mm K»n ivonn mnb L b»ra 

. >i®n *rab bmn b® *mK 



2q 


(12.20 *ii’x) 

It 

:Kin nyiap nvvnna >j®b mK *raa *navb O’jyanb npib® inrni 


t 


L 

v 


Fj * vB-Slna-I- 


L 

v 


: bapj i i’JO 


Fj = BILSlna (12.9) 




I tm tnitw L itin 3 3»n w»naw ran nK mNJia 12.9 rmoi3 
11101 *o3ian mv n i*a» n*iitn N*n a .B »03ia rmia nxbiwi 
♦3t>n i»a* *r» bran wuioj 3*jm 3y ran iu*3 jin niso3 *to .o7tn 
nvunn iivo Kin oirn in»o »o oitn i»woy oam nirnan oipa jin 

.o*»ai*n o» 3 yoa 3 w 



r ~ ' ' - 1 


X X 

X 


mg 

( 12.22 

71 »*) 


inoai 0.5 ■ iotinw AB 3»na : nan~r 
rma n*b 3 3»nn .o*it o*m 200 gr 
07 m ina . 3»n3 *i3iNa 1 T in »o3ja 
7 nw» 3»nnt» *73 3»na on»-3 i*7xw 

?oipaa 

.Jiinis »jw o»3yio 3*jm 3y : i nna 
o*iinwa ninisn 7wo rnuaa 3*nn 

.nt3 nt 

SF y - 0 
F! - mg ■ 0 
Fl * ■* 


90* N*n »oJin man i*a3 ontn i»a n*iitn 
B- 1 - L = mg 


.12.9 rnoua a*X3 
Slna = 1 :1331 


_ _ mg 0.2-9.8 
BL 10.5 


3.92 A 


3nowb jii*n3 7*73 ontn *jwn i»a» 7* 310 *33 ?o7tn 111*3 inai 

.n3ya *d3o n»n* ranw *73 i*a»3 


d*3>* > j-> i *a non 12.5.1 

o-> r *npu o * * apn 


.nta nt d pnnaa d* 




I 2 


d 


(12.23 7l*a) 


Nsain o»3»apa o*3»»n »3t> 3y 33JitJ3 

miNa miw Dit onit ona 7 on 33a 
?ra o*w*i7a o»3»*nn oNn . iivon 
1331 onr amr o*3”Jina ton 3oa 
.*ojia rmi ia»aoa rnn* 3*n 33 
»o3ab mna Naai 3»n 33 ,133 

07 t no 13 3»m ,*3t>n 3»jm 7x»w 
,ra o*A7a *0330 jrrwa N*a3n 
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nxi» Mo I, bv banoj -p owb .non pio on ba oaip xsni 
n»nw iaina) »OAAnn rrrwn nx w»Anna l 2 bvi »DAAnn mwn 

.<n»Awn nnwaxn oa banonb nwax 
pbi «pn ini bx Min ib i»n»nw »®AAn mw ia>aon nsv I 1 

.‘Vm T»n bx ibw oirn piob iiixn *OAAn n*rw w»ato I 2 


.(12.24 no) I t b*nn >aba F 2 ro pb worn I 2 


w*A*ia 1abi vn ia mnnn »0JAn rrrw w»a*ib I 1 nan nnsa 

.l 2 iiiob nbxnw no 
?ron Mtia inn 

I 1 r *ojAan rrtwn i! b»nn in d prnna 


o 

o 


Of, 

o~ 

0 



X 

X 

X 


:xin 


, I, 

b, - 2 Kr 7 — 

: pbi I 2 b*im w»A*in nm rmm nx 


B 2 




f 2 


B 1 I 2 L-Sina - 


2 la- 7 


ii 

d 


•I 2 L-Slna 


(12.24 H’X) 


2 10- 7 I,I 2 L 

F , --- (12.10) 


:bapj pbi 90* k»h nnnn 


»OAAn rrrw nsv 1 2 -w mix nxf ."pan oowna n»*n ox 
.L -'p vna nnoiin rmixb o’V’ab ii»>n , mix w*a*ib I, -i 
ro box . 1 , b>nn bw ovai I 2 b>nn 'pv -pixn inr Jinx ova 
t’jw b>n w*Anaw rob nnw m»nb a»»n -mx b’n w’Aiaw 
bw L n ova ba xb nrw x*n niponn (poio bw »w>bwn pmn) 
liixn) o*b»»jm *aw bw *iniwon pbnn xin L xbx ona *rnx 

.(o»b”nn paw *ixpn 


.’aioi’x xin o»w*Ana onw ron o”aioj>x o*b»»nn awxa 
:inx jn»n»b ro bv xbx no bv nan xb nr mpna 


F 210- 7 I 1 I 2 
L * d 


( 12 . 11 ) 


: »aioj»x bmb 


.»aioi»x b’nnto oa »aio xin tux jvr»n»b roni 
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20 cm pmai o’Kxai o»b»apa o>aioi»K o»b>>n »jw : no>it 
-rnK boa ok ,on>i»a byian -piK nn>n»b nan ma .nrn nr 
? 1 ii>an miKa 0.1 A bw m( omr onn 

:12.11 nnoua ; i m 


.na»wa Kin non pi*ai 


2- IQ- 7 • 0.1 2 

0.2 


ID" 8 N/m 


X 


r l X 


II 

i 

X 

X 

X 


?o’TAijn i»n o»anrn »Aii>a ok nmp n»n nm 
T mown >Aii>a by banoi ok 

mman >Aii»a byi omsun 
on roman oyanw dk*ij omsiin 
ia*h nan bou .nmo mma 
:K»n mpoan .mown 


X 

X 


X 


X F, 


(12.25 ivr) 

.nrb nr o»awni jivan miKa o*ir ona Dmrw o»b»»n >aw 
.nra nr o>rrri o»aian o’Aii’aa onr ona omrw o»b»»n >aw 


0.5 m 


I © © 
* © © 


(12.26 A m»S) 



o’b’apa o»b»»n nyanK : naAio 
la o’KJO’i o’oiaj o”91oa>k 
.(12.26 A 01 »x) rm 
.1 A bw onr omr ona ttik baa 
by iiik jrvmb bipwn nan ma 
?1innnn ’’bKawn b*nn 

w»Aoa iinrmn ’bNawn b’nn : •j inna 
.(12.26 B oi’x) mma nwibw 
onr ia omrw b»nn bK na>wa 
*ivn mmi (F,) iivan mma 
o’iivoa onr ona omrw o’b”nn 
.(F 3 -i F 2 ) oniiia 

:nmian boiA rw ksoj 


Ez 

L 


210~ 7 ■ l 2 
/ 2 - 0.5 


2 . 83 -ID " 7 N/m 


F^ 2 IQ' 7 l 2 _ 
L = 0.5 


4 - 10" 7 N/m 
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mman «< pnaA bipwn ron nK»sab 
: (12.26 C il»s) D’a’anb 
rtmu oniw f 3 -i f 2 -w in»aa 
, pn's> n»ya»on *i»sn m’na 
. ym’*in poabK by K»n niman 
:n»n» Y -n *i’sa bipwn man 
SFy = F 2 •Sln45° - F 3 •Sin45° = 0 
(.nbKn o’-i»sn m Dim pb) 
:n»n» x -n n»xa bipwn ron 

F, 


T * I *1 f 3 . F 2 . F 1 r 3 

e[ £ Jx “l -t ~ Cos45 + — • Cos 45 ) ■ ^-2j—■ Cos 45 

= 2.83-10- 7 - 2- 4-10 -7 -Cos45* * -2.83 ID” 7 N/m 


livab iian (*ai»n ^—) innaw iii’anw ub mix (-) n 
bw tiik rn»n’b na w’Ana b’nnw K»n nmwnn pbi ,»n»aKn 
.yia’in poabK by nsinn pvsa 2.83-10 -7 N/m 


1A 


0.5 m 



.1 A bw oit o*m ’sioa’k b»na :nnAVT 
n»yia»n nnAoaa 0.5 m Kxai b’nn 
.(12.27 A tvx) lm nybx tiikw 
.2 A bw mr out mAona 
?mAoan nw’Anaw bipwn ron inn 


K’nw i ivaa ro nw’Ana mioan :_rnn3 
(12.27 A ivs) b’nn *isi»w ’WJAan mwn ima nxxna 

by mioann nnK pbn nai’w »OAAa row bbAa Kb) .’DioA’Kn 
t (o”a’J3 nima nbK nbK !»aw pbn 

X X F 2 X X 

p ' 'i b’nn nsi’w ’WAAan mwn pio 
VO’ *f* bba >Db ,’Sioj’Kn 


X 


XXX 
4 x X X 
XXX 


X 


X, 

X 


i . <ym T>n bK Kin , iiwk*w 
mAoan bw o’-rrxn nyaiK ba 


(12.27 B -ivs) 


*a by ninian ’Aiva .ro o’W’Ana 
n’xa o’l’isa ’Awn i»n» *r* bba 

.12.27 B 


ia anbw pmanw iivaa obniAa omw oa»k f 3 -i F t ninian 

.nAiw »3ioA»Kn b’nn 
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F 3 = 


2- IQ' 7 1-2 1 
0.5 

2-IQ" 7 12 1 
1.5 


8-10“ 7 N 


= 2.67-10- 7 N 


»aioJ»Kn b»nb imoan T>iKn inr o L * 1 i o*7pan * 102 ) 

(mioabi 

. inao , pi»22 oj Kin f 3 -if, mnioi b72rm 
mon nnxiyo pi’oa no*nb o*op mmo on f 4 -i f 2 nmion 

.b»nn fniKb mnsa >D»an 
uniK ,77311 no bo aonb o*V7i» Kb uniKo nnab ,biK 

,nr jik nr o»booa mniono o»y7i> 
t | w* ,F 2 -2 o”po yop bo by >2 

- - - - ^ miK booao F 4 -i nnt yop 

.(12.27 C 71’*) 


(12.27 C 71**) 

:F 3 -i F, mnian in pn Kin mioan by bipon nono -p 
IF = F, - F 3 = 8-10“ 7 - 2.67 10- 7 = 5.34 lfl- 7 N 
loa’n mioano maiK Tint .F, ron pi*oa Kin non ino 

. b’nn ok nbKao 
?*3ioi»Kn b»nn o’nao ron mai 
to ioia b»nn oko ,o*y7i» uniK poi’3 bo ’o’bon pinn ia 
p7) I pi*72 ron iniKi ,b»nn ok iioan mioan oi mioan 

.(I13n pi ’22 


’oi ia n-naa mio» bv oioian 


ro nb3oa m»nb 773 iai ,7 
M = FL 

-+ -L 2 -► 



11 bo 1212 ’ob miin ,7i3ro .Kin main 

.non ynra 

7*nx >03 la moi nKxnin mioa by bonoi 
177 ’oiAan noon) mioan mo’ao Kxain 
.(ooK Kin nr osao mioan 


(12.28 A 71 * 2 ) 


12.6 
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mm3 iw’AT’ CD -i AB rmonn >vop >nw 



L 2 Lj 

M = Fab ' 2 * F cd - 2~ = ^ Fab 
M = BIL, • L 2 


.n*noan ok iaaio>w 
.non ro AB yopn 
. nayn »a3a ro CD yopn 
:ob*nAa o>nr mman 

AB = BIL 1 

tjmonn tatna on>a OAnm awn a 

L 2 L 2 

■ F cd )' 2 “ = 2BIL-J • 2 ” 


M * BIS : 13^1 rmonn now x»n L 1 -L 2 ni>aann 

!7D by ronw vivanjop* ojmnn bw AbftA.recp aamon n-nonn nwxa 

n»rm nan ynt bar^BIL I’ty n>n> om 

.ini' mop 

Sina 

»o3inn mwn i»a n'mn x»n a nw>o 

(12.29 nv*) • imtwn * m ” m 

:N*n »oAAn rrrwa jmon nw>A-inw wining , ia^ ,n>!?:?an nnoon 



M = BIS-Sina (12.12) 


mu yaxa “vsa npmin 0.1 ■ nyi>x inxw myia’n jmon rnnarr 
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:Kin AB yopn by ron : i lino 
F ab = BILSin90° = 10.50.1 = 0.05 N 
f cd = f ab 

.*b»bon X i** kid AB yopn by ran 111*3 
.»ni*nn X *i»x Kin CD yopn by ran iii»d 


:Kin AD yopn by ran 
F ad = BIL Sin45* = 1-0.5-0.1-Sin45° = 

= 0.035 N 

.>ni»nn Y -n i*x Kin ran i ii >3 
1111*31 AD by rob nil® BC yopn by ran 
(nr nK nr o*boaa mnion) . »b»b®n Y -n *i*x 
,F cd ron »"y tnii mionn by oinion 
M = F CD a-31045*= BIa 2 Sin45°= 10.50.1 2 Sin45° = 3.5 10~ 3 Nm 



(12.30 B IVY) 
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F = qv^B = qvB-Sina 

mvx 
R = qB" 

f . I_ S§ 

2n m 

F « BILSina 

210- 7 I 1 I 2 L 
F -d- 

M = BISSina 


rnDD dis’O 


:»vmn rma ivon by non 

2 to»on ovn 
:>vo Ann rn«a 

nia’on jm»tn 
: ’v>o jo n*r«a 

:>oaa» rma b»n by ro 

o>b’3pn o>b”n i»3 ron 
:mt »K\inj 

miro rmoa by ojnian 


: ’ojin rma mr 



i>w »oiin ntwb "Tiixna 5-10 6 m/sec ni*i>nna oidi 10 -8 C Ov iyon 

?iyonn Ov byiaw ran ina .4T 
nn»nna yin inopbxb oni't »ba’i’nn >onnn mwn inn .x 

73.2-10” 12 N 'ya ra!? 10 7 m/sec 

inixi> oin>w o»>iw *a bm >onn mw m»nb b>ia> oxn .a 

?ra mix ,im*nnn nmxa , inopbxn 
nirnni 5 T mnxiyw ranx *onn mwi? 60° n»nra oiai iiona 

.2-10 6 m/sec 
? 1 ionan 3y !?yi3w ran inn .h 

?3apn iionanw nmxnn ’nn .a 

mwb> oiain 310 -4 C i?w «bnwn iyon bw aia>on oi>-n inn .x 

Tim non .100 m/sec nivnaa lOT inaxiyw -pnx »oiin 

.0.02 gr . 

? 1 vonn bw aia»on nivrn »nn .a 
0.1 T b?w »oi in raw iai *iir*xi> *riixaa o»oidj iionsi inopbn* 

.nri> nr o*anxan 10,000 N/C Ov >i>nwn rawi 
?nw» ipa yui> inopbxn i’wn* mrnn ir>xa .x 
?iw» ipa 7 »wn* xin oiw ’ta iionan yub nn>na ir>xa .a 
ox nr i>»n w’i*pw ran inn .2 A bu mt mit 50 cm ia*nxw i>>na 

:1ii>aa 8 T bw *r»nx ’oiin rawi> oiai» 

?b»nn iivab inxn .x 

?>’nn iivai> Vapn .a 

?b?>nn iiva> 30° miira .i 

baai ,nrn nr 50 cm pmoa o»xani o”3ioi»x o»b”apn o’b**n »iw 
mixa 0.5 A Ov ait »iwai 0.1 A b?w o*»r inxa .air our onn *rnx 

. in>an 

?o»l>”nnn *mx 'to w»n»w ran inn .x 
?o’b>»nnn inx oo w>n»w tiix ran inn .a 

>onnn rawni ,100 v xin ia x’Nnrt rmnnw inoibp’xa xxia iiona 
lionan .10 cm xin >oimn rawn >pi>n »iw i>a pninn .1 T ib»w 
. inomp’xn in xxi» xmw ny inoiap’xa o»aia»o 500 aainoa 
?xxi> xmwa iionab w>w n»oi>pn n»mxn »na .x 
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?N*i* ximo iioinan nivm »na .a 
o> bbia iotn) inoibp’xn -pna iionan aainon int nna .a 
?(» oiAnn n-rwa int oai »bnvnn m«a 
?1 noibp’sa nnnn nabnn im>in >nn .*T 
ibw »bnwm m wip mon <pAiopaoa o»yi inomi iiona .9 

.0.2 T ib« ’OJAnn mom 10,000 V/m 
?m»i“i»nnn *nia mNb ino»nm iionan nn>na >nn .n 
? ino’vmi iionan ny»Aa bo o>pman wnan inn .a 
innsiyw -T»rw *ojao mwa 10 5 m/sec nvvnna vs 210 -8 C b® iyon .10 
ta’-ipnnn -rrw baa (iivai bHA) iyonn by byia® ran inn .0.5 T 

ro’Kan 



(1) 


O 


( 2 ) 


B 


X x x i 

X XX 1 
XXX 

(3) 


xgx 

x x,x 


(4) 




( 6 ) 




(12.31 n’s) 

mnmyo -T’fiN ’ojah moa ID 5 m/sec nimnna vs -4-10 -6 C b® iyon .11 
o’npnnn anx baa iyonn by bya*® (iii’ai baiA) nan inn .0.2 T 


_ i v xxx 

-- xxxx 

-- BX X X 

(1) (2) 


30 ' 


(3) 


:o’Kan 


© v © B 



© © 


(12.32 n»x) 


(4) 
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bw *T»nx 'W»u mti mnm 1 A b« oat k«ia 20 cm laaiNw b»n .12 
:o>>on o’apana anx baa ran iivai baiA ina .0.2 T 



o*m rmoaa .0.2 T inasivo >oaao rrna jinsba 5 cm 2 dooot rmoa .13 
?mjoan by oAaian ina . oaxb nn« rmoan ina aown .0,1 A bw oar 

’a naa 

.2 A bw oar oair »9 >oi»n b»na .14 
210 6 m/sec ma>naa yj iiaopbN 
. (avsa A naipA). b’nna 10 crt pmaa 
by bya»w (•» a a a baiA) ran ina 
: o’xan o’apana baa i nopbhtn 

| .onrn iivaa yA iiaopbKn .x 

^r.oatn iivab lion iivaa yj iiaopbxn .a 

(g) .*i*m am bK oarn iivab lAixaa yj iiaopbxn .a 

^■.b»nn iivab oarn iivab *TAixaa yA imopbxn .a 

.A naipAni b’nn aiw»aa b»nn iivaa 30° n»iva yA iiaopbxn .n 


2A »A 


10 cm 


(12.34 a vs) 
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.annnn 33a K3ni Y -n a»3 111*33 1 T 3*nx *oiAn mu 
3y 3ys*o (iii»3i 33 ia) nan inn 
nin’nna vjn 2 10~ 6 C 3o iyon 3y 



nno3 10 6 m/sec nia»nn3 OJ3A 



.1-5 0 ’ixnnn ttw 333 5-10 6 m/sec 


10 -8 gr 3o noni 3-ID -3 C 3o iyon 
,A nnipia , 2 T 3o 3»nx *oiAn 
.B n-npj3 inr nnx3 y*Am 
.B -3 A i»3 pnnnn inn . n 
qiAn y*A» inf nn3 mK3 .3 
?B noipj3 A mipin 
*liAn y*A» int nna nnx3 .a 
?C mipi3 


.15 


.16 


(12.36 ni*3) 

.In 3) o»nf o*pmn3 o’Nxnj o»»31 oa*n o*3”ji noi3o 

1 A 3» ont 031 f onn o»joa 
.*130 “jin 3x 0.5 A *yxn>oi q33 xinn 
3yiao i3ix ji3*n*3 3ipon nan inn 
?o*3”jinn am 33 3y 


1 m 


O (8) o 


.17 


(12.37 31*3) 

ni3*nn3 0.1 T innxiyo 3*nx *ojab nxo3 30° Ji’ina oi3J 110133 .18 

.10 7 m/sec 

?1101330 rryun 3o 3i3*on 01*33 inn . x 
3o (3nx 313*0 *rona 1101330 oaiyo »paixn pnnnn) ny’oon *nn .3 

?1101330 

30 3»OX »3nOO 030 130 31f»X3 Oyi3p 013*003 yj *3»3o iyon .19 
3nx 0131i ,nt3 Of d*3Aixno 0.5 T 30 3*nx »OAAn naoi 1000 V/cm 
313*00 301p .313*0 »3n y33H1 ’OAAOO 0300 pO X3nA 130 31 1 *X3 X> 

.4.55-10 -6 m xio 

?o*yi3»o o»p»p3no 3nx3 o*xon xio oxo ?iyono 3o q/m on*n inn 








258 


mv'y -riixaa ojan 10,000 V 'yv o»tJX»S3©ia tnana <<xia iinopi>x 

.0.5 T inaxiyw a»nx >o3ia 
?1iaopl>xn 'yv aia’on ovaa ina .x 

?aia>on nnnn »na .a 

ina .B a’nx »oiia mv'y “pixaa o>ojoi a p’pbni )no>n ,)ioiao 
waan imxa ixxm on o»jioti o»p»pi>nn 'yv aia’on »oi>aa on» 

?o»bN»ajoia 


.20 


SA 


i 

2 A 

1 

\ 

r 

I 


10 cm 


pmaa ncou m ia!?a rmoa 
ia oaitw »aioj>x Vna 2 cm 
oat oait rmoaa ,5A it oat 
pyian t?ipwn nan ina .2 A 'yv 
?naionn yv 



5 cm 
(12.38 ai>x) 

nwi^wa o>Naaj o»!?»»nn .1 A Po oat oait o»»aio3»x o»^»»n nwibwa 
'y'tpvn nan ina .0.2 m iyi»c -jaixo mybx niiw Vyivo yv i»apaip 

?o>t?»»nna anx yo 'yv naix na»n»> 
.o»oin »l«a »l!?n 200 gr inoai 1 m laaixw Vn 

0.1 A 'yv oat oait ^>na 
*>a oin >aa mn’nan >na 
:o’xan o’axana anx 
8 **y A -a xin S>’na oatn .x 
'yv a’nx »oiia r\iv o»»pi 
. nan fin bx 0.1 T 
A -'y B -a xin b»na oatn .a 
'yv a>nx ’*ma naw o»*pi 
(12.39 ai>s) .*)an im bx 0.1 T 

0.1 T 'yv a»nx »ojia mt> o»>pi B A -a xin P»na oatn . J 
.o’aaipn o»apaaw ’ouan nawi> ni’a» n»paix 37° n>nta 

»03Ja naa byia naaipn n^xwaw b»nn 'yv 
.n^ya )ii»aa 0.1 T 'yv a»nx 
i»n» *pxb n»iit it»xa .h 
* ii»w axaa o»i?”nn 
I'ypv a 

anx 'yv nm»nan n»nn na .a 
?o»omna 



.21 


.23 


.24 


.25 


( 12.40 ai*s) 
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X X X X 

<r B X 

< X X > 


. o*x*3p >iw by nun 2 m lanini 10 gr inoaw b»n 

.1 cn -i V 3 p ba xnann 72a nnaina 

33 0.1 T bw -pok ’aim two o»b>yaa 

B 

ox x»apn mxiiann n>nn nn .710 7m 

. : 0.1 A bw ont b»na ont* 

< 

— ?B -b A -n .k 


(12.41 ii'x) ?A -b B -a .a 

. moa rinopaoa o»-naia ,,Na 23 -1 ,,Na 22 i*mi b« o>aioir>H »iw 
.*r»n* )wa *bva on>i« .2 mm Kin niba iyia onaw o'pnian tnan 
*©iian mwn inn .20,000 N/C n»n ni>i*vnnn viiaa ’bnwnn mon 

?*pnopaoa n»nw 

rrr« iai -m*Kb 30* bo n*iira 5-10 s m/sec m*i*nna oiai iiona 

.A mipia ,0.1 T bw -r>nH thkb »onn 

® © i. .B mipib iionon y»in na iao -iriKb 

v v„ 


® ® ® 

.i.. 


?AB pman ina .h 


..A/30].. .J... y»mb ponab npibw iatn ina .a 

?B imp)b A mipia 

(12.42 ii>x) 

»vmn mwb oian 10,000 v bw o*bK»xioia tnana xkio ponj 
.B mi pi a vna na ino nrwb .A mipia ,0.1 T bw 7 ’fiK 71 ina 

.no’ian mipia 10 cm Kxnin 70 a by regain 

-(CB) »painn pman ina .k 

:/ ?i 10 nan otpnnw 

'/ lionany*>» int nna nnnb .a 

-- ?B mipib A mipia 

>bn*i»nn nnan nvnb 7 >m na .> 
(12.43 7 i»s) ? 7 oaa yia» iionanw ’*ra 

.20 V bw o»bH>aioia bnan 12.44 ivaat) B -1 A nmpin i»a 
bipwi nan ina .10 fi/m H»n o>b”nn nmmni 1 m yia’in ybx t*iik 

.imoan by 

-in»aa 1 T Kin ’ounn man .k 

I .k / ?nbya 

/ Tin bn 1 T Kin ’onan mon .a 



( 12.44 7 i»a) 
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* a nm 


»oAAa rrtw iai nt’Kb TAiKaa 310 7 m/sec mi*nan oadj lions .31 
.nrb nr o’b’apa 1000 N/C bw T»nx ’bawn rmn 0.1 T bw "pok 

? 1 ioi*iDn bw nyisan mix »na .k 

? 1 ionan bw aia’on oi>*n ina .a 

?njiwin ny’oan »na .a 

?n»At>n ny>oan »na .*r 


O Q E 

© O Ob 

o 0 O 
O O 


(12.45 *n»x) 

m« iai *m*Kb 30° n’lira 5-10 6 m/sec ni*vnaa oadj inopbK .32 
.1000 N/C bw "T’fiN >batin m«n 0.1 T bw t’rw *oaa a 
?linspbNn bw nyurin mix >na .k 

?njiwon ny>oan »na .a 

1ii»aa i nopbNn *ixy> oko .a 

?’na ia ok ?>pDiKn 




B 


(12.46 ivx) 
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nibxwb niaivn 


<pnn nxinn F=0.04 N 

. A 


* 1 
ii 

o 

2 N 

.1 

-vs nnnn 70° F=0.08 N 

.1 


B=2 T 

. X 

.2 

.»b»bwn X -n 



a=30° 

.a 


<Vm Ttrt? F=0.04 N 

. X 

.12 

F=1.39‘lO" 12 N 

.X 

.3 

nbxnw F=0.04 N 

.a 


a=8.3-10 14 m/sec 2 

. a 


nbvnb F=0.04 N 

. X 


R=0.67 m 

.X 

.4 

-vs nnnn 45° F=0.04 N 

.a 


f=23.67 H z 

.a 


. >avnn x -n 



a=90° 

.X 

.5 

*vsn ni»n> 30° F=0.04 N 

. n 


v =10 5 m/sec 

.a 


. *avnn Y -n 



v=10 5 m/sec 

. X 


Tin -jin’? F=0.024 N 

. i 


F=8 N 

.X 

.6 

M=10“ 5 

N-m 

.13 

F=0 

.a 


ni’n* F=1.28-10" 18 N 

. X 

14 

F=4 N 

. j 


nbxnw F=l. 28-10“ 18 N 

.a 


F=» 

.X 

.7 

F=0 

. j 


|=2-10- 8 N/m 

.a 


111’32 F=l.28-10" 1 8 N 

.a 


E k =1.610- 14 J 

.X 

.8 

.tmn 



v=4.38-ID 6 m/sec 

.a 


nrmn 30° F=1.2810- 18 N 

.n 


t=7.85-10“ 5 sec 

. X 


.’avnn x -n -vs 



v =5-10 4 m/sec 

.X 

.9 

»b*bwn x -n *vsa F=10 N 

. X 

.15 

X=5.22-10 -3 m 

.3 


>ai>nn z -n -vsa F=lo N 

. a 


«vm amb F=10 -3 N 

■ X 

.10 

F=0 

. X 


x -n a>s) nbxn«> F=10 -3 N 

.a 


b»bwn Z -n -vsa f=8.67 N 

.a 


(»b’bwn 



60° X-Z *nw>na F=10 N 

.n 


Y -n -vs) nbynb F=10- 3 N 

. A 


.>b>b\!in x -n -vs nnnn 



( >avnn 



ab=3.3-10" 3 m 

• X 

.16 

F=0 

.1 


' t=5.23-10~ 9 sec 

. 2 


a»sn nbxnw 30° F=10~ 3 N 

.n 


t=4.3610 -9 sec 

. X 


.>ai>nn Y -n 



. o’b”nn ba by 

o 

II 

.17 

X -n -VS byn 53° F=10" 3 N 

. i 


R=0.52 m 

.K 

.18 

. ’avnn 



P=5.68 m 

.a 


*pnn nsmn F=5-10 -4 N 

. t 





<p*.na nsmn F=510 -4 N 

.n 


nnopbKn ’inr ^=1.758- lo 11 

m 

.19 

<iafja ns inn F=0.08 N 

.X 

.11 




nbynb F=0.08 N 

.a 
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R=6.74 IQ" 4 ■ 

.M 

.20 

f=l. 4-10 1 9 H z 

.a 


r d= 

/2 r p 

.21 

R a = 

/2 r p 


F=7.14 10 

-6 N 

.22 

|=1.73-10 

-6 N 

.23 

T=0.93 N 

. X 

.24 

T=1.03 N 

.a 


T=0.94 N 

. X 


F=1.96 K .a a=0*17' 

.X 

.25 

X=0.8 cm 

.X 

.26 

X=l.2 cm 

.a 


B=0.457 T 

.27 

AB=0.52 ■ 

.K 

.28 

t*1.09-10 -7 sec 

.a 


CB=0.04 m 

.X 

.29 

t=8-10 -8 sec 

.3 


U =4790 V 

. X 


*l*mn rreinn F=3.41 N 

.X 

.30 

45° -a F=4.83 N 

.a 


nv*os oy n»AT>a nvon 

.K 

.31 

.nyn 



P, =0.021 m 

.a 

. ■ ; 

P 2 =0.063 m 

. * 


nv’oa ov n»j-na nvun 

• K 

.32 

.mop 



P * I.5410- 3 m 

.a 


t*2.46-10 -8 sec 

. X 




Niaa 13.1 


»bnan jyan »"y) >aJAn nay asu nx»a U’Ka o’naipn o’paan »jaa 
nay T>na tm Kan b’m >baan pan o’a’Anna mnian onat (nvuna 

.»aiAn 

na m naina nabann ,anvna m’jyn ,mn nyama taam nt paaa 

.o’naipn o’paaa lA’Kaa 

— »v>3 ao n~ran v>a ~r»!?*>a oao 13.2 

mwaa . n. k. 3 


a’rw »aiAn naab oAainn ,L piKa iPta anin nron am by banoa 
.(13.1 A ti* jf) man pvab *TAiKn laivaa B 



(13.1 A avs) (13.1 B Tt»s) (13.1 C -ms) 

na ma nt asna e>Aa» Kb pbi , oat KaiA Kb baK *r>bin oaoik ainn 

! ’OJAnn naaa 

Tmaa o*ayoan ia>Aa» (13.1 B avs) na»a» mvna ainb m’A ok 
.» ajAan naab an»a nyuna vn» o’Ayaany inoa ,na man 
o’Kaaav >b»ba pani »avn pan o’a’Aana mman »aii»d by banoJ 
nbya >aba na ia’Aa> o»»ai»nn o’jyann .(13.1 C avx) man Tina 

.nan ’aba na am at o”b’ban o’jyanm 
uaa’n pay mnanpn niKOAiaa) !vub o’jyaan ib’nn’ nana nKxina 
y>nn iobi , ibta ninb aaiKa n»n nam ,aiaa oar n’n ,aia by na 
TJiKna Kb ,mab b’apaa Kan nan nKtn nnAiaa . fby bipa na a’Aan 
(.ainn Tma o’Ayaa ba nviAnb oaiA nra nai , ib 
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D”b>bw o»ayoaa ,man bw ia»byn pbna iab anaox> o'>ivn o»ayoa 
T>vnn oaan , ivoan nanaoxn bw iac imx ba -yoni) .lannnn pi>no. 
ta*ayoana oby»n nyaann yaab p’oa» ok .v nyaap mi’naa yaab 

(mi« ->at»ab run’ 

bbaa }yoa manaw nan o»aoa abwa ?naoxnb o»ayoan aa>ya> »na ay 
, . r d bbaa boann >maan mwa nyurn 

©© 

| f 4VD 

qv±B = qE 


©@ 

® 

©0 

©0 


jqvB 

ie 


: ’brninn n'rrm 


qE 


nbaa naaaxa a# naaata m-vnan) 
(v = Vx 13b a 

(13.2 na*x) vxB = E : iioaa nawa Nb iyoan baaa 

o>ayoa i>n mnx ,vxB -b naam T»rw »bawan mum oiaa -nt’N baa 
aanax mi# »bawnn rncnw iaa»aa .ro o’ma-aa man bw nt in>xa 
man iaoa .man »*r*s i*a o»bN>saman vnanb imx nwpb o»baa» 
U = E d :« 4.8 nnma 4 pnaa aanaan .e mm nt o>bN>«oi3 


e = EL 


: aabw mpaaa 


e = vxBL (13.1) 


rbapaa a>x3 


,man ♦ •p* »aw i»a vxBL o’bN’sama man isaa® *iy o»ya o»ayoan 
.yaap nxm o>bN>saman mom yaab -y>vnn man fo nron 


mab D>ama on 20 cm aa*aaNW maa *asaan .a.x.a -n ana :naavr 
?0.1 T anasayv ’oaaa m#a 2 m/sec jia*a»naa yaab 
.(13.3 A na’x) nan’nab naaxa >oaaan m#nvo .n 

.(13.3 B na*a) nai’nab 30° n’aara >oaaan nawnwa .a 



(13.3 A na>s) 


(13.3 B na>x) 




265 


:mn»naa -pixa »oiian mwn nwxa : i •>~ina 
e ■ vj.BL = 2 0.10.2 = 0.04 V 

tnvvnaa dmui ’OAAan men *i«xa 
e * vxBI. = vBLSina = 2-0.1-0.2-Sin30° = 0.02 V 
onan nx nariAB nnxya nxna .asaa -iwdx maa -ixiaw .a.x.a -n nx 
.into aa yAaa nn»x xxba man® na’aia nyiap mAoaa 



(13.4 A -ivs) (13.4 B ivs) 

R *Tian nj’naa , i*mana rmr (13.4 A nvx) v nn>naa yin man 

.(13.4 B *»»x) e yiap nna -npaa 

1 = 1 = -et^ :omx pm »aa xin aAia ont’d mm 

n n 



:*on *TAja roianon oinn pooni 


« 1 AA ay) ?nyiap mn>naa man nx y*ana >aa na a’yona vis oxn 
xaw naix xa nr aax , ooxa mi« mman aapw nyiap mimaa yan 
(nr nx nr o»aoaaB mnia naa b*w ian» ,mma a>ay o’ayia 
tnnn :oa»n n>anax napa iaa n»n mnx ,na a»yana *paxB »x*rna 
xaa , *i>xa ,oana n»n aaani ,mry xaa ,nyiap nnmaa yj n»n 
yia» vnanw >aa na a’yana v*re ! ian’ xa iaiaa nr .n-nay nypwn 
iaia man aw nyianna nxmna : yna v^na noaa .nyiap ni-vnaa 
.naya ’9aa F, na D’>ai’nn o’lyoan i«»A*in (13.5 A ivaa v, ) 



ivxa v 2 ) .oion lira yiip o’jvoon iP’nnn F, rono nNmno 

JoPnoo F 2 no io’im mi (13.5 B 
.mom no Nnpi oinn Jit-fno nNmno oum f 2 non 

010710 O'DI 13H3N ON .V, ’Upon 71V1JH71 111’PP 11S71 ntTI fOTI 

roP 7111071 ni’o’ ro P’ypnP ii’py v 1 nyipp nn’nop yiiP -poo* 

. iniN POPP ’-tp F 2 moion 


F = IBLx = IBLSlnP 
vxBL vBL■Sina 


I = 

F = 


R R 

vBL■Slna 


BLSlnP 


: moion roP »io»p nxoj 
: tnr noii P’n py ro imo iii»po 

:13’N*10 ’DP N171 I mm 
: 1PP1 


p - vB 2 L 2 Sina SinP 2 ) 


: mo ion 71P71 


:»io’pp ny’Dioo a n’lirn .if nmin niy’Dio nniit »no 
vx = vSina 


.♦03100 7TT071 }>31 01071 JllP’nO 1’P JI’llfTI N’71 
Lx * L-Sinp t’lO’33 Tiy’Dioo p n’llfO 

.’oiion rrron ppi oiop mm i* p ji’iitn n’ti 
moion roP »10*371^3.1 ii’xa iop ’oiian mop -jiinop vi oioti on 
: fNi 90° -P nno 1 »7i» ni’iifn >no ’ppni’ oioo ti’ti’ 

nyiini moion ron 
:’OJJon mop tipi ino 


riv-i 



vnan .2 Q ro>'?'in Tmonb nm 20 can iD'-nxw vno ; naarr 

no’oP ijino 0.2 T Po »o3io mo .0.5 m/sec Po nyipp m*i’no3 yi 


ni-vnop yuP i’oo’ oiono ’-to 



P’vdoP t’-iko ron mo .mioon 

?nyipp 

ron tin i f np 3”n ron : i mnp 
py mnipn Pipo tNi moion 
oioni odnP nno n»n’ <inn 
.nyi3p ninmop yn» 

EF = 0 


(13.6 H’X) 


F = F 


muu n 
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F = * Q^o^SL* = 4 . JO-4 N 

R 2 

byia Kin »a .rrnay noiy nyiap nmnna yiib omb onAn ran 
.n»A-ux nnaosni nmn n*nay n>>oy .t>*t *nixb 
?*toinn ran rmay main nnb 
.oin mixa *TAia nobaA n’nixn baw mm 
:xm 7 aai nronnn paonnw 13.2 nnom ia>k*i 


P = 


v 2 B 2 L 2 




_ vB 2 L 2 B 2 L 2 v 2 

p = --- -v a --- 


:F ran paonb nnw nr paono nxm 
:Kin yiap ra bo paon 

:13.4 nnou irma , iabi 

.F ran paonb rmr *nm paoni 


1 m on*j»a pmnrw o»»ajK mom *iv nai rnaAx mion :«ni i r 


mionn nnjmn .nmonb *TliKnn 0.5 T bo mox >oaao moa nxxm 

.0.1 Q 

nnunn *nnion mionn bo p»byn pbnn 
nai a .200 gr inon . yiAb >oain Kim 
bo nyiinn mix >nn .>aioA>x mionn 
?y»A» mbK n>aion nmnnn »nm omn 
no»A*wo *T»n’n ran , i iwxm yina : i ima 
.(b’na mt i»k) mg nbpra Kin mionn 
.g K>n iioxnn yA*ia nnxixn iabi 
oil* o»o yna , nyunn nb’nn ok t» n 
e = vBL :moin .n.x.a ia *ixu ,nn>nn 
vBL 



(13.7 A *11 ’x) 

B 2 L 2 v 
R 


D 


i = 


:n*ioin oirb mu nr .n.K.a 


mg 

(13.7 B avx) 


B 2 L 2 v 

F = —=— :moin nab on a nr mom o*in 


nmnnn nb-Tinb tunn mo inn ran 
baa omn by o>byian ninian iabi .(nyunn pvab pvaa *pan) 
.momn ram mg ibpon (13.7 B m»x) o’uo on yin 


„„ B 2 L 2 v 

IF = mg-=— = ma 


: iab Kin mnian bipo 


.nyiap nj’x nxixnn 
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robin raiunn pbi im* bm mtnan ran ,nb"n oian nimna® boo 
’o»k ospo pn , iarn bo bi*nb no’oaa it tnivnan Kb) .raopi 

?>na ny (mv 

bipo ir nimnab v»ia oianto . «jiAn bpoab m m«a mtnan nonti oy 
.nimna nno nyura vub "pona Kim oDKb mm vby ninion 


EF = 0 


mg 


B 2 L*v max 

R 


v = 5S5_ 

v max B Z L 2 


0.2-9.8-0.1 
0.5 2 ■l 2 


0.784 m/sec 


:iKOai 


ra »*t» by rmuaa *rt»aj 100 gr moai 1 m ioukw oia rnavvr 
rata kxbj oian .2 m/sec 2 bo nyiop raitoib oiab o*mn .ronoa 
.1 fl bo "TAjb o’nopn rona »oa »aoo yiui ,0.2 T bo *T»nK »ojia 

?iatn bo nrapnao noian rab »io’in ina 


a 



rail’ nbKao oian nyuna nKmro : iima 
mtna ra ibbioi ,nbya »abo nioia Bit 
rajmnb T’ra nbKao -yoian ran .ni’a* 

. moian ran by 

moin 


EF = ma 

F - F mu,, „ = ma 
F = ma ♦ F mwin 


F = ma + 


vB 2 L* 


:bapj 13.4 nnoii roryo 


v = v 0 ♦ at 
v 0 = 0 

aB 2 L 2 

F = ma + —=r~' 


t = 0.2 + 0.08 t 


: lobi raiKn mio K»n nyunn 
: rmuaa b’nnn tnano iii’oa 

nobi 


i»by mannb -pra Kino moian ran >o int-n oy b*ni "rhino ra int 

. iatn bo b*n 
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— *03 an «yovj * •> -a •» 13.3 

( »TX 1 K 3 pin) moia . ». k. 3 

tnan a»Anaa mman m rmaa xa box »oajn tm»a yan oion ay aanoa 
.’oaab now -my mAonn T»*r .n-uoan ay up a n aanoa xax 
1ii>3 Aaaa nnAAta .’tman man iivaa xAn ’OAAan naan iaa>3 

. f l*rn tan ax had >v>AAan ^oan 




(13.9 -n»a) 

-iaiy Aama noana iAA»aa ‘tman *ioan a*TA na’n» tnan nyun aaAa 

.am >vman man 

0, * B-S, = B-L-X, 0 2 = B-S 2 » BLX 2 

A« = 0 2 - 0, = BL(X 2 - Xt) = BIAX 
A0 BLAC 


At 

AX 

At 


At 


= v 


A0 ni 
XT - BLv 
At 


:iara «ioan >aa’b nx aena 
.mTiiaii nAAa iara pnynn >Aa»a aax 

:1xoba 


aa>x*i oian ny a an apy -man maAan .a.x.a -n nx Aaaa>n naxa 
aa Aam Aa Txa naAan nApoa p»oa ixaaA ,nt >A*>>aa nAAa xAna 
^oaa »Aj>an amAa nAAa -maa maAan .a.x.a -n 

i £ i * Is 

.a.x.a -n ama .maaa .a.x.a *isaa ’waab naaa >aa> a a»a oyo baa 
la-nan pi Ant aax .>oaAan *ioan ’aa* a a-ma nAAa -maa maAan 

?1AA’an ox naA 

•loan »AA»a iaa»da .a.x.a -n i a a »a va *rapa xan pAn o»»p 

:xaa pAn mp 3 xam ,’oaaan 
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pin 13.3.1 


:e»vn* naa umK« nnaiy naaa b»nw 
.m«ia .a.K.a ixu »oja» Totia »ij»w «» n»xa .1 
,m«na mt ixi* mtnan .a.x.a -n .2 
♦oiab rrrw >a*aoa -an* / m» ba laa ,mtnan mtn .3 
»jis»nn »oAAan mto *ioiia) mwia >OAAa n*re xnpjn 

{!.a.x.a -n nan ibbAaw 


:« mix \Ji> pm 

♦ojian <it>wa *u»«>n in»ab Tian rmnan fjHlian mw iivd 


e ■ -f t 03.5) 


:rmoiiai 


xm pm . *‘TN*wa pm o*mtp (13.5 nntm) ibia pmb 

. rmoiiaw (-) -n nxya 


xb mt ?no»a »i3>t>n iiva inn 
inown v>va mana 
avx) 0, to* naiy mAoa -pi ox 
MJ ’^2 -b at a *)vwni (13.10 A 
0, -b naoinn maix nxt A0 Town 
:<im>n pvaa x*n 
A0 = 0 2 - 0i ^ A 0 

0 2 = 0 , + A0 




02 # 

0 2 -b iop <iown mt naiyb m bax 
A0 lotin ’U’w (13.10 B ivy) 
xb »a .Town 11!’* xian n>n» 
*i»onnb xbx 0, -b *)»omb "pax 
.0 2 -b y»Anb >7D uaa 


01 


02 A0 

:oia>ob 

.bxA lotm ox Town pi>aa xm toot »ia’p pi»a 


■ top Town ox noon jivab iian two »iA»t> nt'j 
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na kisb^ *T3 pina varm pini «ia>oi> nnwi naAi-o 
.’OAAan mwa V3D oiaa tmn iiva hk ,o»yri» laa nniK« 

(C -P A -a kid mmo K»n naionn) 


v 


o 
o 

A<p © 

X X 

«ltron »ii»« mtna ’OAAa rm» 

(13.11 n»x) 

.oian nvun apv p-tx nooni nnoa Kin imona lom 
,*loon iii’Di ,na*A3 Kin «iv>wn >ia>o in>a 
Tina omP a»*n moian »ouan mono naiK \x> pin 
maiK jwr ,*ioon iii»a> -pan pvaa ’oaab mo!? .rmoan 
VX3 »ai> ,oi*n» Kin C -> A -a oiaa oi*n> cmn ok .nainn 
oa mu Kin) .imoan *nna nxmn ’OJAa mo!? , i>a> a» 
mm pva , io!?i (.mAoa!7 xma nr PaK na»ia »oiAa mo!? 

. iAy-r>o >aa C -!? A -a Kin 

unab took »k« noAVf py cyan .naou naAia ta> ionoi 

.ron »aAP ’Aon pa* *r» b!?o mrya 

noi’TW n»i?Aya mioa tvt t nain 
.mica!? iJiKaa B >oAAa mo naiy R 
nt’Ka .’OAian mon ok o>A»opa 
?i>Ayaa moian oirn onr» ino 

*«3Aan «ioon »ia»o ovan : i ima 
<loon iii’Db iian iivaa Kin 
. iop <ioono i ii oa 
moian »OAAan mwn .twirm ial> Kin <ioon >ij»o iiva 
.«loon »ia»o iivaP -pan ,na’Aa iaP nm» 



(13.12 A n*a) 


x 

x 
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.mimpb axnn jw 7»rnnb ran "noan" moinn »oaann rrron) 

b’-ranb "noan" Kin - iop «ioon 
Kin - bna <ioon .mm ijiik 
n*rono >73 (mm popnb "noin" 
n»n» maonn Tina moinn »oaann 
7 »*i* maona mm in»a nn>as 
. i iyon ] 1 V 3 oy nvnb 



Xl!?1 


*TK“>N9 


P*>na m»» vab> n •>koa *> ~r 13.4 


.nyiap nn>nni nyj ,a nybs tiiko n»yia»n maon : 'k naan 
*ii»x) maonn nu’ab -jiiKn mnK »oaan mu lao mr>Kb noaaai 
?nnyian bo (1-5) abo baa maona mm n»n» nn .(13.13 

v 



(1) (2) (3) (4) (5) 

(13.13 7i»x) 

nsian .n.K.a -n mtya .k .o»am »noa ir nbKo by banoa : pina 
>oaan now na’O apy nxian .n.K.a -n mrya .3 .oina 
n»n» Kb »oaan n*roa nya Kb bba maonno i non : i iox*i aboa .k 

.mm onr 


oina mu *p oiwn .*oaann mon 71m ya CD oinn : >ao aboa 
baiio in»an .D -b C -n maona mr ontaa mom .n.K.a 
ni*t»nno )iiom ,oinn bo nyiann mrnna >ibn .n.K.a -n 
.yiap mm oa iabi .maona .n.K.a -n n»n> ,nyiap oinn 
mm iii»a .>oaann rnoa i>oay Kxna AB oinn oa : ’o’bo aboa 
lian in»aa mniK mr ,A -b B -n Kin maonb nn« Kino 
.03Kb nno maona mm ba 70 iabi tCD oinn ommo mrb 
Kin maona mm . *ounn moa Ksna AB oinn pi : >y’a-i aboa 


no>aan inra imona mro mm in 7130 .A -b B -n iivaa 

.yiap mm nr aboa oa .’oaann mob 
,’oaann nrob xmn maonn .mr i»k : »o»nn aboa 






I 


:iap n»n» inm Pw n»*p3iDa o*irn bw van 


t 


(13.14 no) 

s’OAAnn nown mj*b imyai .a 
.»o3Ann <iowa »13’W i»k iai»> n*Twt? xinn n-nonn : ji iwk*i a!?wa 

.inm io odk nown 

Kin »ojAnn <iowa »i3»wn .ytAi V»in *o3Aan «iown : « aw a^wa 
lain (’oiAnn n*rwn bK <1013 now miK 0333 now aaa) yiap 
’oaA n mw iii'3 »*Ta,D -a C -a mm in»a .yiap .a.K.a -n 

.mAoaa nown ’i3»wa “pan ,nsinn 
rrrwn *pna nina niAoan I’OAAnn nowa »i3’w i»k »wOwn aawa 
oiwa . i»K - *iowa *i3’w ban .w* - »03ab now lain ,»o3Aan 

,o3Kb nnw isi3n .a.K.a -n ia 
,nown in»ai» *Tian 1110a Kin nowa »i3»wn ; *y’a~> a!?wa 
’*o A -i> B -a Kin mm oyan . iop »03Aan nownw 1110 a 

.nnoa ’OAAa mw * 11 x 0 
. now »i3*w i»ki o3Kl» nnw ’03 Ann «iown aiw : ’W’an abwa 

. odk^ nnw .a.K.a -n 

»03Aa mwb *T3iKaa r>K*n3 4 cm 2 moww myiao imon : 'a nnAVT 
mAoni> .’OAAnn n*rw!7 na»apa K»n law axni> naaioai 0.5 T inamyw 
?aiaon nwna mAoaa mayw iyonn maa ’na . 2 fi >w m*TA3nn 

:Kin mAoaa «iown »u»w apy *i*iaw .a.K.a -n : 1 ima 

:o*n *isi* nr .a.K.a 

:inr mmo mirw ivonn maa Kin o*ir 


e = ■ 

IR = 


A* 

At 

_ A£ 
At 


I = 


AQ 

At 
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.At nx osaw 

maob rum xb aia»on iarw x»n iniyawa tbixa aiwn nc oisax) 


iat iwai ptn tmb oni> b»na aia*o . obtb pb xbx biay*w iyonn 
(inn iat -pona wbn obtb oru» >o»x 2 ia*o . bxp 


AQ 


A* 

R 


A0 = *2 - 0i = 0 - B S :xin nown M)'» 

AQ = ^ = °' 5 'V° * - 110‘ 4 C :xin iuy>B ivoan i3bi 

n z 


by .0.1 A bw obt obit an -b na»b3 100 iai b»boa :' a twait 


ni3*b3n . *jwa b*bo xbpm ,«ioia b*bo bw ni3*b3 2 niaaiba nr b»bo 



.1 cm iovtiw b*bA by niaaiba 
nbwian .a.x.3 -n ma 
»jw»an b*boa bxiAn 
□n ,Anan nn»na iata 
oaxb iop tmn law iatn 
?10 -6 sec Nin 


bibAn b»boa .nnai poaanw »jab nbip na ,b3 obip i*ai : 1ibna 
.nbxaw Kin im*3i *oaao mu b»bon lira bsn -\o apvi ,obt obit 
■pb *iow baiy »iw»an b’boa .yiap *ojAan m»n i3bi yiap xin obtn 
Jnbtna .a.x.3 i*x i3bi yiap xin <iown box ni3»b3n 2 
in»3 . iop »iw*an b’bon *pb nbxaw lown , Anna nx o*nma bwo 
ntwn .nj»a* nbaix nxt <iown in*3b *pan isb xin <iown »u*w 
nbaix nxt ,<iown *ia»w iii*ob lion , 13b n*n» nnwian ’OJAan 

. nbxnw 

.B -b A -a n»n* *Aw*an b’boa obtn nbxaw n»n» *v>JAan mono *b3 

.bxuw nbtnan .a.x.D -n bw ibbiA nx awm 
.a.x.3 -n nio*bD *nw w* ubw nbpaa) nnx ro*b3a bni* w*w iii’Da 
13.6 rmou i3bi .nib’bbn b3 by .a.x.3 -n oiso xin »bb3n nnwian 

:nbixa ana’n 
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* = 0 - BS 

B = p 0 n-I * 4n lO- 7 -10,000 0.1 = 
S = tiR 2 * n-0.01 2 = 3-14-10“ 4 m 2 


A <t> = -3.96-10“ 7 Wb 


:n»n> 'town *ii»w 

1.26-10" 3 T 



.*t»cw »oun nrwa naainon a nybs tiixw n»yia*n niaon ; *i doavt 
? intn bw n’spnaa nnona mwmn .n.x.3 -b >io>nn inn 


myj ibiai n*nonb w» niybx yanx : i nna 
BC -i ,AD onn D>*nwa pn . »oainn mtsa 
,nnb i*anb *T 3 .mwm .n.x .3 nnann 
1 ii» 3 b nb»apn x»n -i»xa n-nonn by banoa 

.ntwn 

13 bi .nxinn *ym -jinn nyi BC ybxn 

na iw»;n* it ybx Tina o»»ai>nn o>ayv>nn 

.B -b c -n 

13 b 1 rm*aa ttji "Tinb nva AD ybxn 

ns iw’jn* it ybx Tina o»»ai>nn o’jyonn 

.D -b A -n 

1 ii *3 TiJ - iii» 3 n mixa isb n»n» mtn 
mnian nt nniyb CD -i AB niybxa . iiy»n 


(13.16 A 11-s) 

F 

~® ~\® 


D 


®F 


-e- q 


F 

0v 


I. 


(13.16 B TVS) 

(E mipi) tamb *ry AB ybsa :nb TJixna xbx maonn Tinn xb i»n> 
ybsa naan mix .nbyn >ab 3 ro B mipab Tyi tamnni nonb ro n»n» 
BC niybsn <nv b v .n.H .3 -n oiao n»n* ’bban .n.x .3 -n i 3 bi .CD 

.AD -1 


€ k = BLvx = BLv-Sina 



:.n.x.3 Tin j inn anx baa 
1 ii»an into b3 mown .n.x.a -n 
v *nyj naaonn .into ba mown a n»iitnw 
v a = wt : 13bi nyiap n»n»iit nn>nna 
L = a :ybsn ttix xin oinn toix 

:ybxnn n*snn xin naaoan bw aia’on oi»tt 

R = I 


(13.17 m>*) 
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: pm 


e = 2e k = 2B-a-wSln(wt) 

€ = Bwa 2 Sin(wt) 

e = BwS Sin(wt) : pm S mioan now Kin a 2 

n»n mnr nnsoa N ntiK n>yia»n nuoa oipaa o>aaioa ii”n ok 

,n »a m*t a .a.K.a -n 

e = BNwS Sin(wt) (13.7) :K»n nPion rmonn pm 


Ilia jtk moan nna main im - poimn nna Kin bapnao nnan 

. pm m (-) -ni ( + ) -n 



(13.18 ivx) 

e max = BNwS :Kin Pa»oaan .a.K.a -n 

axaa .odk Km rmm i»ap u>a n>inn *iwo odk^ nnw . a.K.a -n 



!Pa>oaa noon nr 
bw *TJiKan ammo Km namn 
.oDKb mm ninman 
mnrn iroo Pamaa .a.K.o -n 
.90° K»n n-twn u>a 



(13.19 nvx) 


mrya 13.7 rmoip y»inb p»a ism reoi pnan vtoa naoia 

(imn 
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nixn^m 13.5 

.mtna a.N.a ia -asa» b’boa >oian *100 >aa»oo AA’Nn 
b’bon »"v da ban »Jis*n -iipn »"y mA»nb bAa’ b’boa ’OJAnn noon 
.nANnon NnpiA ,b’bon ret i’3Nnn bTAA ,vm bnAA A»oay tdj . Anxy 
b’bon ha ana »Abn NAno mnix rnt ,’-ionAN’A kid nr bTAA 

.-raba 

»T3 ana -m»Ji nAtnj .naya o’ *"aohan’ a o’baA »ao naa AAnan 

."’nonAN’A biAA" AOAnn mynon tan i»anb 
,^Ajn »aov AJnno naAfm AAca n’Abn nA-mnnn .m-mnn o» aAAb 

R a fit : Abo innn nooaA AOTANa 

on»n N*n m*TAjnn . Aam onrn nano’ 7 aah by nnnn tin moA on 

R = ^ :on»A»a yiapn 

mmbn nooa ,mniMi i»ao nninn AAoa ’Abn bAa»pn .bAa’p o» bapb 

C = £p ^° S ron’A’a pnnnaA 

on»n Nin bAa»pn . A’by ivonn mno» bapn by nnnn tan moi on 

q 

C = ^ :in»A’a yiapn 

in »oAAon noon i’ao on»a m*TAAn niNiwnn .(L) mN-ion o» b’bob 

A 

L ■ j : adtt ontm b’bon 

(H) .»*un x’n niNnwrm nTtnj nao na»n»n 
.1 Wb bo «iowb ia otaa 1 A bo onro b’boa nANionn N»n ’nan 1 
ttoj bAa’p anbi ,bnA bAa’p NAn tnind 1 bo bAa’po Ana 
niN*von aA*AbA nbATA N»n »*un bo nANion oa (pF) -TN*AN3Anp’na 

.(pH) ’“AAnAnp’aa an (mH) »*AAn»b’na 


:»*ionANA b*TA a N»n nAN-ionn nnb nxm 


. a3*at naiy natao nooa 

0 = BS 

S = NS 0 
P0 N2 S 0 I 


’OAAnn m«n nbaan NAn b’boa noon 

: NAn b’bo TAna ’OJAnn mon 
.ma’na N bo NAn noon 
:S 0 -a nnN na’aa noo inoA 


l 


:lbb 
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* PoN 2 S 0 

L = j = —-- :M»n niKmnn 

.7333 3>3on Mxu >i3nn ym inn 


oi»773 ni3*73 1000 iai 4 cm iniiKn 3»3o 3w niKnnnn »nn :nnvi7 

? 0.5 mn 3 t> 

l = ^J g?.:..^i^- i o. o oo 5 ) a = 2 510 - 6 h = 25 pH !ma 

4 

L = - :3*3o3 ixiin mtnnn .n.H.3 -3 nwp w» nimnrt? 


4 = II 

A0 _Al 
At “At 


A4 =AI L 

:At -3 o’Tfsn ’iw jik p3ni 


nnw mtnnn .n.K.3 -nw iiimn 
:33pi idwd >U’t>3 
nnoiJ3 3wman .n.K.3 -n , inm iwo3 7>nK ij»k mm »u»w ntwa 
At intn mnn 3y >»n .n.K.3 3iwm3 .yxinn .n.K.3 Kin 13.8 

.mtun mm .odk3 iik®3 


e - - (13 - 8 > 


e = 

€(t) 


AI 

At 


—> 


11m 


At 




inn .n»i» 33 o.l A -3 mm 37i 2 mH mimcnw 3>3tu :nnv>7 

?3»303 nsun .n.K.3 -n 

nun yxinwi .n.K.3 -n i33i ,yi3p Kin mm »u»n : imp 

. »ynn .n.K.3 -3 

6 = " L At = -2-10- 3 • = -210* 4 V = -0.2 »V 

lion ,3*303 mm mm 3py nsiiw 0.2 mV 3t» mtnnn .n.K.3 -n 
.(-) -n in»o 3t> niynnnn mm pin a"y) *mwn iiim3 


3ti n»3pii33 cm3 »io»3n . int3 ninwn 5 mH 3t> b’boa mm : nmvr 
?.a.K.3 -3 »io’3n mn I(t) = 3t 2 + 5 :Kin inm 

: i ima 

e(t) = -L~ = -5-10- 3 ~(3t 2 +5t) » -5- 10 _3 (6t+5)= -0.03t - 0.025 
at at 

,1 sec mriN » .n.K.3 -n 
e(l) = -0.03 - 0.025 = -0.055 V :nm> 
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r>iK~ivjm 13.5 

.main a.N.a ia nsi» *»*oa *ojao *taa »iA»aa ia»Nn 
^»^on ♦"y da ^3n >Ais»n aipa »"y onA»na bia> i>>aoa »BJAan <iaan 
.niNnan mpji m i»9Nan inn ,a*m miA i»aay *i»ai . iaxy 

b*!»on maaa nan Kina maiN rwr , maaiN’A Vtia kid m miA 

. -T2t>2 

*T3 ana T3t»Ji *mni .naya o»»'iaaiN»A o»;?*ta »aa naa unan 

."maaiN’A iiu" Aaian niyaaa jin 
, ajin »ioy uaoa nmnn Aioa n»ii?n nitAinnn .nnAAnn a» *nii? 

R ■ : iba innn naaai laniNa 

on»n K’n minim . lam ontn runw» nAan 5v nnan jin naai on 

R = j :an»a»a yiapn 

mniiffl naaa ,mm^n i*ae nainn Aioa »ii?n ina»pn .ma»p a» iopi? 

c _ ic|flS :nn’j»a pnnaai 

on»n Kin i>ia»pn . i»i»y ivoan njna» !>apn *y nnan jin naaj on 

C = ^ :in»j»a yiapn 

l*n >ajAan naan vaa on»a nmAia niNnann .(L) niNnan a* b’i^oi? 

0 

L = j : idtt omni a>bon 

(H) . »un N»n niNnarm ottoa naa n-j»n»n 
. 1 Wb 'ro noo* ia trni 1 A !>a o*ua a>i?oa niNnann N»n >nin 1 
*n»j i>ia»p ainai ,i?nA *ia’p Nin iNnNa 1 i?a ina’pa laa 
niNian ambi naitA N»n >njn i?a niNnan oa (pF) -TNnNamp’aa 

. (pH) ’*ijnnp>aa in (mH) >njn»i?>na rra’n 

:»ioaiNA miA N»n niNnann nab tinu 
. lam naiy Nina naaa ’OJAan man moan Nin i7’i?oa <iaan 

0 = BS 

B n :Nin i?»bo ima ’ajAan man 

.nia*na N ba Nin naan 
S = N-S 0 :S 0 -a nnN nama naa into 

PoN 2 S 0 I 


l 


:l3i> 
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♦ PoN 2 S 0 

L = j = —-- :x>n nixmnn 

naba 5»5on niana >iann im> inn 

oi»ni ma»*ia 1000 iai 4 cm ianx» ini>o 5w nixuorm »na ; nnin 

?0.5 mm 5o 


L ■ 4 ” ^ . 2.5 ltr« H = 2.5 rn 


; iVBB 



* = I L 

A0 _AI, 
At At 


:5*5oa unin nutnnn .n.x.a -5 mp w> nixnwnb 
A0 =AI L 

:At -a o>*ron ')« iw pbni 


nnw nutnnn .n.x.a -mi iivan 
:5api *iown »ii»wi> 
nnoiia awinnn .n.x.a -n , inrn -jtma *r>nx n»x oitn mi»w nwxa 
At inrn niim i>y >yn .n.x.a aitnna .ysmn .n.x.a xm 13.8 

.mrjin »mn .oax5 * 11 x 105 


- 

L At 


(13.8) 


6 = 
e(t) 


AI 

At 

—> 


11m 


At 




inn . n»iio 5a 0.1 A -a mrn 5*ri 2 mH imxuonw 5’5oa tnnivr 

?5>5oa unin .n.x.a -n 


niiio yamnn .n.x.a -n lain ,yiap xm tnrn »ii»w : iimp 

. »ynn .n.x.a -5 

e -~ L ft- " 2 10 ' 3 ¥ - - 2 - 10-4 V = "0.2 mV 

-pan ,5*5oa mrn »n»w apy uniw 0.2 mV 5w nun an .n.x.a -n 
.(-) -n in>o 5w mynwnn »mn pm a"y) >ii>wn iii»a5 

5«i n’spnaa mr5 »io»an . inra nimra 5 mH in 5’5oa mrn : nmvr 
?.n.x.a -5 nvnan mn l(t) = 3t 2 + 5 :xm inrn 

: iiuio 

e(t) * -L— = -5-10 -3 •§-(3t z +5t) = -5-10 -3 (6t+5)= -0.03t - 0.025 
dt dt 

,1 sec mnx inon5 .n.x.a -n 


6(1) = -0.03 - 0.025 = -0.055 V 


:n»n> 




pnan owo 


:33*o*nw D’ti-mn o’Amon 
.’03 m iot> »33*o 3py 1 x 3311 . n. x.d - moio . o.x.a 


€ ■ BLvx * BLv-Sina :oioa ixiin .o.n.o -n 

yjn oian moion ran 
: *03 jo mrO a ji» 3 3 tl 

bv mo ion row 
: 13 3NOOI V3D 0300 

nnamoon rmoai .o. x.d -n 
€ « En.xSintwt) :nv33p n»n*33t Ji3i*noa 

^max = 





BNwS 
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’ojabd mwn .B >©jAn n*ro naiy a nybx tiinw n»yia>*i jmtjn *ttt :naAvt 

B 0 

?mAona ixiAn »yA*in mwmn .a.N.aP >i©»an inn .B = — nnoun »dP iop 


Nd0 

dt 


naainonn s rmo’ww mAona nxun nntnnn .a.x.a -P *i*>»an inn : nnAit 

?B innxiy© *oa An m«n 

0(t) = B'S(t) = B S Cos(wt) :»io»aa imi jmona nvwn niina 

.naainoa jmoan »d inrn io mnvn *iown 

6 ” "N dt = _N 'df[B-S-Cos(wt)] = -N-B S~[Cos(wt)]= NBSwSin(wt) 

.13.7 rtnoua uroinw »aa 
liion ,ia»nm ook . a. n. d -n »Pn»t»n <iowni!ow mail? in»A nrn nimann 

.Sin-n niysnxa »Awni Cos-n niyxaxa xoian -rnxnn 


: i nna 


d[BS] _ 
dt 


- _c dB _ _ _ d_ [Bq] _ _ djll _ SB 

dt dt [_t J 0 dt|_t J " t 


• inrn inna i©pi pbm mtnan .n.x.a -n 


MO 




281 


'k nan 



1»a .0.2 T maxiyy -pnx »«aab mwb "Tiixaa V3 0.5 m laftxw am .1 
?oian jvnma ’na ,2 V n’bx’SAOAa aaan nsii vnan nisp 
"T’fiK » 0 Jia nro'y 60° n»iira 1 m/sec nnmaa vi 0.2 m la-nxa uia .2 

0.1 T b\» 

?oiaa uniw .a.x.a -n ma . x 
A o’jyoan o’vu’Anaw nan vn»a ma .a 

?oiaaw o>>avnn 

n a> 2 fi JinAAnn nbya rmoaa .3 
irnoan .nntn!> in»aw 1 m Tnxa 
.0.2 T masiyw n»nx »daab mwa nxxai 
p!?nnio »tj !?»yara -p-iaw ran ma . x 
1 m/sec i>w nyiap m*i*naa m* 

?ra»a» 

mAoaa asmsi a.x.a -n ma .a 
?nt mpaa 

?(vn»ai y-m) cam ma .a 
nxxa3 5 cm novniu n»^iva jmoa .4 
ma .0.4 T maxiyio *T»nx >v>jAa m»a 
yjnaan nnaian .a.x.a -n pvai yru 
:>vman man ox *wnvw 
.0.1 sec iwaa o»»jw »a .x 

(13.21 tvs) .0.1 sec iraa o>»j\d »a iv>p> .a 

.0.4 T masivw -T’nx >oaab maa nxxaj 5 cm novnii jv^Aya mAoa .5 
mvnan .a.x.a -n yni ma . >i>a>oaa mioan ttt naan t=0 yjna 
.0.5 H z 'y'o Jirnmna aamon mioan ox -nnvw yxiaan 

?aia*o yana .x 

?aia’o »sna .a 

?oba aia»oa .a 

?30° -a 



ra’oaa yAi) XAnwa ni»a> 2 m/sec 'yv jvnmaa yi 0.5 m ia*nxa am .6 
.2 m lAin ia oAan pma t=0 yAaa .1 fi mnAAnna *taj namaa mpaix 
.(13.22 avs) o.l T 'zv a»nx ’oaab mwa nxsaj mAoan 
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fM 

O- 


(13.22 11 *x) 

"° •* :o»Kan ompna -r - k nirnot? m^iwnn inn 4 

. <pn *pn m Kin »oiAnn mon .1 

. «ym -yinn Kin »ojAnn men .2 

i .m*n> Tri> s>»apn Kin *ojAnn mon .3 

v i 

-► ' .-jAKb 30° n»iira *ojAnn nrwn .4 

?inm 'yv mxpiisa mAona Kimn ido;? *io»an inn .m 
? oina nxun .n.K.a -n inn .a 
?*ma on m (iivai miA) mm inn .a 

/ ?omn i>y i>yian (iivai mi a) ron inn ,*r 

nt**on t»y va m mom L iduko oin .2 

_, nmonn .r taj imnnn npbna® ji’dak 

( Q , 

- 4 / .B *poiK *ojao rrtoa rorem 

/ / / ma oinn by o’byian mnian onn .k 



/ / __y*A» n*bK n*sion m*i*nnn *rm .a 

—j ~?oinn 

r / ’a -1 ’K -b maiwin imo* *Ta»a .a 

- ttm - / 

r / bo n>ma n*n> »ojAnn mon ok 

- < mob on* a paiKb mnn 30° 

(13.23 m»a) ?*iipnn »oJAnn 

naiAa oinn n»n n*aion mirnsA y*An omno mKb ,t=0 yAna ok ,*t 
» joa mAonn tit naiyn »oJAnn <ioob »io*an inn .ypnpnn H 

?o*npnn 

'yv t»dk *ojA n m»a 1 m/sec nn*nna nbxno v> 0.2 m iduko oin .8 
napai 4 $2 bo *taj o* »jn*n nxpa .nb*onn *iio*nb -piKnn0.2 T 

.8 Q 'yv TAi ’bKnon 
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?(lii»oi bin) -m boa mm inn .a 
Tiin in omn pnrni X! Kin R, tjjd in omn pnm t=0 y;na ok . x 
n’apjiao jmonn *pbnn anK bo in <ioob »io»an inn ,x 2 Kin R 2 

?inrn bo 

?nyiap mo’nna yn»o »ao omn hk iionb I’os no nr»K3 .1 

,tn( koii bm a» by JiKxm mop n»yia»a nnon .9 
.•o’Kan o’apann an k boa rmona no inn onto iii»o inn 




7nbyn »3bo yiap nr mu b’na 

.K 



»3bo bail ibinn nr 0*11 r b»na 

.3 



?nbyn 



A 

’3bo iopi ibinn nr mir bma 

. X 




?nbyn 




B 

»3bo ba*i ibinn nr 001 r b’jia 

?non 

.3 


.n 


nbyn »3bo yiap nr nir b’na 



?m»n» nyj noAonni 




nbyn »3bo yiap nr nir b»na 

. 1 

(13.25 ova) 

?nbyn »sbo nyj jmonn 1 



noinii 2 Q nmajjnno mbjyn imon .10 
IJiKnn O’hk ’Oiin noa rtKxnj 0.2 m 
. naman urnb 



(13.26 ii’s) 
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:o»Kan oopaa (iivai b-m) noon Mru ina .n 
. osKb 0.4 T -a iop na»A3 »ojAan rrrwn (1) 

.0.6 T -b 0.4 T -a bn a na»JD >v>AAan rrtwn (2) 

.0.4 T -b osn -a b*TA nsinn ’OAAan man (3) 

.0.4 T 0.6 T -a iop rcnnn ’OAAan mwn (4) 

,'k pbnaw Dopana -ton baa mwian mtn |ii’D ina .a 
. 1 k pbnaw o’npana ton baa imoaa maiyn lyoan maa »na .a 
mwa 50 H z bw nii’-ma Jiaamoa 10 can nybs tiinw n>yia>a niAtja .11 

.0.2 T inasiyw *t»dk >OAAa 
:nwKa iatn bw mspaiaa mwian .a.N.a -b ’io»an ina .n 
?’ ba»oaa jmoan tit .a.N.a -n t=0 -a (1) 

?»ba’oaa jmoan *p*r <iown t=0 -a (2) 

ITiN m’n»b ma»na n, iai tiin b’boa .12 
p R q b»bo 7 na nr b’bo by .1 mr our 

VV I bw innn now .nia’ta N 2 iai ’JW’a 

_ /V I .S Kin o’b’bon »aw 

l //A/ / Ii *«'*« ’VAAAan man ina .k 

v— V J JVy i- T -^ ?,J1W ' in 

^ V-/ b»bon tvt »OAAan «pwn ina .a 

f ?*jw»an 

__ \_|_ b»boa *oJAan noon »ia»w ina .a 

posan ns o»nni3 ok ’jw»an 
?’3iwKnn b’boa 

(13.27 *ii’s) ?7A3a mwian tmn iii»a ina .t 


'a nan 


naipaa nviapn nmoa »sm 1 m/sec Jiivnaa nbnaw nyjn imoa ’an .13 
masiyw ton >OAAa mwa niNxaJ jinioan ’nw ,ir oy n yAaa niKaai 
bw nnK nAJb vns jmA3Jin mon mAoan .jiimoan nw’ab TAiNan 0.5 T 
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n*n t =0 Vi*i2 on into bo n’*p 3 i 32 m3oaa 700b »io»2n inn .n 

?1 m m3oan mxp i>2 pman 
?iatn bo n»*p3iD2 700a ’i3’ob »io»2n ma .2 
?mioo 2 2*i3n .b.n.d -n ma .3 
?2332 moian 02 m iii’Di b2i3 ma .2 
niood .nbNao 2 m/sec bo nn»na nno nyiina y3 1 m id21no oia .14 
N»n b’nn ni233nni 0.1 0 oian ni233nn .o’b’apa o’b”n 3it2 y3i3 

. 20B b 3 b 0.1 0 


T»nN ’03 3a moa on *m jruoan 
2 io»ab ijinbd 0.4 T inaxiyo 


.mioan 


© 0 ® 


(13.29 ii»») 


.b.n .2 -b »io» 2 n ina 
?01B2 2Si3n 
mAoaa ontb no’an ma 
on inrn bo n»xp3i32 
0.2 m oian n»n t=0 -2 
?m3oan nxpa 
b’vsnb 7 » 2 so ran ma 
Tvn»na 2 »i)' oiano ’22 
?nyi 2 p 


bo raiNn mm rnnjna nnuna yj 1 m 1321 ni 200 gr moao 01 a .15 

03102 o’22inan ni233nn ’non o»b”n 2 by p’bna Ninos ,0.5 m/sec 2 
73iNa 0.1 T bo t’dn »oj»a 0202 nN*B3 mioan .2 0 bo 233 ’"y 

. mioab 

?iatn bo n’xp3i33 tnaa moian a.N.a -b *io’2n ina .n 
? iatn bo n’2p3 122 0102 moian ontb »io’ 2 n ina .2 

?iatn bo n»2p3i3D oian by byisn moian rab »io’ 2 n ina .3 

?iatn bo n»2p3i3D oian by byisn >3i*’nn rab »io’2n ina .2 
nn»2n2 22100 a 1 cm 10 V 220 nvbiya ni2’22 100 121 3132 b’bo .16 

.b.n.d -n n»n t=0 -2 .0.2 T innxiyo 2 ’nN »033a 0202 100 H. 


.’ba’ooa 

?’ba»ooa b’bon 722 700 a n»n» nbnnnn ia iat rmo nriNb .n 

7’ba’ooana n’*na b’bon 722 7000 n»n» nbnnnn ia iar nra nnNb .2 

?iarn bo n’sp3i3D b’bo 2 .b.n.d -b »io’ 2 n ina .3 
?obo 2i2»o bo iara b’boa yaiaan .a.N.D -n ina .2 

? 1 ioN 2 n 2 i 2 >on y 222 b’boa ysiaan .b.n.d -n ina .n 



0.5 T inaxiyo a’rw »oiAa naoa 2 m/sec bo nyiap mn»naa vj oia .17 
n»n t=0 yAna .37* bo mm on»A»ao o»b*»n »ao by p>bna Kinoa 

.obioan aipaipa oian 
oy yAaao oian *piMb >io>an ina .k 
? iafn bo n>xpAiaa o>b”nn 
nxiAn .a.N.D -b »io>an ina .a 

?oiaa 

nnAoaa nxiAn ontb »io>an ina .a 

o’b»»jmi rnaAAnn non oian ok 
?0.1 Q/m bo nnjinn »bya 

oiab omj»o nab »io*an ina .a 

(13.30 nva) ?nyiap nm»naa yub 

nir»Ka naiyi 1 m/sec bo nyiap nin»naa yA 10 cm laniNo T’bia oia .18 



o ooLo o 


„ o; cc 

O ° 0 0 Q O 


0.4 T bo a»nK ’baon nao Tina mt’Kb 
:K*aA oian no kd i 2 -i i, nna .k 
I mr»Ka (1) 

. II mr»Ka (2) 

: III mr>K3 (3) 

anK baa oian by nan ina .a 


1 -i-J-j-1—-—l - -I ?o»npana 

(13.31 nvx) 

no» -pbia b>n p>bna L nmxb nno» n»iita naiaan I’bia b»n by .19 
K»n naiaan b»nm no»n b»nn i»a mum .1 m/sec bo nyiap nio»naa 
nb>nna .0.2 T inaxiyo a»nK »0AAa naoa nxxaj ronyan ba .45° 


jiiaAjnn oiam o»b’»nn bab .1 m B naipia A naipjn pnna n»n nyunn 



.0.1 Q/m bo t>ik na»n’b 
bo n»ap3i33 nnAoan niaAAnn »na .k 

?iarn 

rruonn ina »ojAan <ioon ina .a 
?iar bo n’apiiaa 

bo n’xpjiaa oiaa .a.x.a -n ina .a 

?iacn 

?jarn bo n’xpAiaa I earn ina .a 


bo a>m ’OAAa naob iiixaa 4 H z nin’ana aainoa 1 m lamxo oia .20 


.(13.33 m»a) n»ab inapa naina Kinoa 0.2 T 



?oinn imp ixun o’bx’sioian tnon inn 



»ai»nn -ran iam 
?(B IX A) 


(13.33 11>X) 

.non!? mama 1000 iai b’bo bo imxa ntamoa nxxm nyao .21 
:o>xnn o’tpna nyaoa onm ova inn 
.nniina nyaoni yiap b’boa oim .m 
. mum nyaoni inm oy mop -rain nminn .a 
.m»n» nyi nyaoni yiap b’boa mm .» 


■= W 



(13.34 H’x) 

bo limn noo .0.2 A bo yiap mt naiy *ionb D’oio’b 1000 iai b’boa .22 
,4 cm nybs *pixo myiam n*uon nxxm b’bob a’aon .5 cm 2 b’bon 

.2 Q rmvTAJnm 
ysinnn moinn .n.x.a -n inn .x 

nnma inta nmona *nmn 

mm npoanb ny inm ox poonn 

?10 -3 sec xin 

ysinnn moinn .n.x.a -n inn .a 

mpna nnnn ox miona Tmn 
-fin o”jo »9 bairn nnnn 
?10 -2 sec 

baa *TiJa mayo ivonn maa ’nn .» 

?o’ipnnn anx 





mb»oa »nwb naina 0.5 m miK® ©ib .23 
.4 V bw rma mpab nnainan niann 
txw jmijwn 10 Q man ni7Ajnn 
nn»naa yj oian .rm’Jt nib’oan 
rrroa 0.2 m/sec bo nj»a» ramp 
.2 T inamyio 7 ’dk ’ojab 
? bAyaa oitn ina .k 
»tj b’yonb 7 * 7 x 10 nan ina .a 
?nyiap nn»naa yu» man® 
nbw mxpn ybxn 771 KW n’jaba niAoa .24 
,5 cm nb« narwri ybxn 771 KI 2 cm 

»oiAa m»i 20 H z nivnu naainoa 
baa 07 m ina .0.2 T maxiyio 7 ’dk 
on iatn bo mxpjioa niAoan bw 7iy 
?’ba’oaa .a.N.a -n n»n t=0 -a 


nxpa .nnAAnn nnon nib’oa >n« ov 
n*n t=0 yAia .5 Q bw -taa innan 
mti iaiy mAoan 777 .h 0 naiAa oian 
naxiy .niAoab 7iiKaa 7»nK ’ojab 
. .0.1 T man 

y»Aa n>bw n»oion nn’nan »na .h 

?oian 

7a7 »v>jAan 7010 b »io*an ina .a 
inKb , iar bo n’xpAioa niAoan 
{of yAia t=0)?n»9ion inn’nab y»Aa oiano 


inKb moian . a.K.a -n 

1 


ina 


(13.38 71 ’X) ?n»oion inn’nab y’Aa oiano 

7Jina Kin i>oayi uiva moa (13.38 ii’x) 25 n’yaa ’OJAan nion .26 


.noxnb 

?oian bo moion nn»nan »na .k 
y»An nto irwb oian by byion nntnan nan bo uivai ib7iA ina .a 

?n»oion inn’nab 

nro nnNb iatn bo mxpiioa niAoan 777 ’OAAan 7010 b no’an ina .a 

?n’ 9 ion inn’nab ny’An 
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L pmaa t=0 yAna nxsaA R rmnAinm a nya* Tnxw mytam mjon .27 

.1 tm o*nrw »3ioj»x ama 
1 .v nyiap mi’naa a>nn ia npnma imoan 

- jmoaa .a.x.a -a »m»an ma . x 

_v ?iarn aw mspitaa 

?n*noaa aim vn»a ma ;a 
L a»yana roa »io»an ma .a 

nnmaa yiin mAoanw >-n 


(13.39 -n»x) 


?nyiap 


* a nan 


w» nyaoa .p*r *paia amo n*iwy 20 cm aw ov*n naya n»aAya nyao .28 
.o’a»aia o»oa »jw o’xxv nyaon ranaa .B -•> A nrripjn pa iop pm 
aw yiap n»n»nr nmmaa yj »jwm A n-npAa inipaa yiap -mxn 
aw *r*nx ’vma mwa -pixan a’xjcai o’i»>nni nynon .20 rad/sec 

.0.2 T 

t=0 yjaa ox t=0.1 sec yA*ia COA aAyan pana >oj>nn *|own ma .x 

?n*Tipin nmxa o»a”nn >aw vn 

n»xpiiaa nr aAya pana iiwxm aiama >wAAan <iuwa »iv>»an ma .a 

?iatn aw 

pwxn aia»oa nr aAya pana mwian .a.x.a -a >iv>’an ma .a 

?iarn ai a mxpjiaa 

aa ox tarn aw mxpjiaa pwxm aiama mwian oira >m»an ma .*r 

?0.2 n/m aw nmmn >aya o»a’*nn 



(13.40 *n»x) 
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mop mao o» ton ni3»o 1000 iai thk *pam a>ao t3T»2 .29 

.a»aon maa a*apn nyaon ma .1 cm novno 


?viap a»aoa mm on nyaoa moinn .n.N.a -n inn 
»io»an ’ 3 b mnon a*aoa oim on nyaoa moinn .n.N.a -n inn 

? 1=2-S±n(lOOt) 

»io>an ’oa mnon a»aoi mm on nyaoa moinn .n.N.a -n mo 


• N 

.a 


? 1 = 


t ♦ 1 

30* n»iita Nin nyaon ma on moinn .n.N.a -a »io>an inn .a 

?o»*ipnnn "ton aaa a»aon maa 

na»ona yin oinn .inm oy mnonn B >onn moa Nam L imiNo oin .30 
.na»onn napn L pmna nniina oinn .R rmnunno nyiap 
1 im >03inn rrron on oina naiin moinn .n.N.a -a »io»an inn .n 

:»io»aa 
B = K-j t .1 
B * K 2 /t .2 
B * B 0 S±n(wt) .3 

?nmina nNo»o *tj oinn ay a»yona *r»nao naa >io»an inn .a 
vj oinn on ompnnn mN aaa moinn .n.N.a -a »io»an inn .1 

?v nyiap nvvnna m>n» 

nona ma>na 1000 nr a>aoa .13.41 nvaao aiyna nainn »hon*i a»ao .31 
.vay »)oian mama »no iai »ion a»ao .i cm ioi>-no a>ai ay manan 



(13.41 n»a) 

»io»nn a»aoa mayno iyonn nina >nn .aiyna mnn jin o’nma 

?lii»a nt’Nai 

ivonn nina »rm .40 C -a 20 SJ -n nun nnunn jin o»ion 

?1ii»a nr»Nai »io’nn a»aoa mayno 


.a 



mmwn 


4 2 =0.04-(X 2 +t) 



v =20 m/sec 

.1 

F=6 10 -4 N 

. *T 


6=0.017 V 

.K 

.2 

6=0 

.K 

.9 

B -— A 

.3 


A -t» B -n 

.3 


F=0.02 N 

. H 

.3 

A -n .n b -!? A -n 

. A 


6=0.2 V 

.3 


e=0 . a B -'y A -n 

. *T 


1=0.1 A 

. A 





B -!? A -n 



rennn 4=0.05 wb (1 

. K 

.10 

€=-0.03 V 

. K 

.4 

na»A3 4=0.025 Wb (2 



6=0.0157 V 

.3 


ns inn 4=0.05 wb (3 



6= 6.28 10- 3 V 

. K 

.5 

nn»JD 4=0.025 wb (4 



6= 6.28 10"3 V 

. 3 


liywn iii»d oy (1 

.a 


6=0 

. A 


liywn iivd "til (2 



6= 2.52 10-3 V 

.1 


liywn iii»a oy (3 



4=0.1-(1+t) .K 

(1 

.6 

liywn iii*d *taa (4 



6=0.1 V .3 



Q=0.25 C (1 

. a 


B -'y A -n 1=0.1 V . a 



Q=0.125 C (2 



F=5 ID 3 A 



Q=0.25 C (3 



A-b B-n tntn 1110 .1 in3 

(2 


Q=0.125 C (4 



mAoan ttt now i»k 

(3 


6=0.63Cos(1007tt) 

.H 

.11 

4=0.05- (1+t) .H 

(4 


e=0.63Sin(100nt) 

.3 


6=0.0866 V .3 



B=Po n iI 

.K 

.12 

1=0.0866 A .A 



0 = 11011 ,1 • N 2 • S 

.3 


F=4.3- 10“ 3 N . *T 



0=-li o n 1 I N 2 • S 

. A 


B 2 L 2 v 

R 5 

.N 

.7 

Q -b P -a 

.1 





4=0.1+0.It 

. H 

.13 

v = 

B 2 L 2 

.3 


A4=0.1*At 

.3 


me-R 



6=0.1 V 

. A 


V -_ P -- 

' B 2 L 2 •Sin60 2 

. A 


B -b A -a 1=0.025 A 

.T 


4(t)=BL- (H-vt) 

.f 


6=0.8 V 

.H 

.14 

4(t)=BL-Cos30 2 -(H-vt) 



2 



6=0.04 V 

.K 

.8 

1- 0.6+t 

. 3 


I,=0.01 A 

.3 


°.B 






^"0.6+t 

. A 


I 2 =0.005 A 






4, =0.04-(X,-t) 

. A 
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v=653.3 m/sec 

. X 

.26 6=0.05-1 

.X 

.15 

nbxaw F=l. 13 N 

.2 

1=0.025-1 

.3 


0=O.O86(2h o -653.3t) 

. A 

m«n» F=0.0025-t 

. A 


-_ V 'L-Pnlr 1 . 1 I 

2rt L L+vt L+a+vt J 

.K 

2? F=0.0025-t+0.1 

t=2.5-10“ 3 sec 

.3 

.X 

.16 

livwn iiva ov 

.3 

t=8.3-10 -4 sec 

.3 


„ va 2 Un 2 I 2 r 1 1 l 2 

R ^-L+vt L+a+vt-^ 

. A 

6=3.95 ■ Cos(200nt) 

. A 


0=0.017 Wb 

.X 

.28 €=0 

.3 


0=O.O8(k - lOt) 

6=0.08 V 

.a 

6=2.51 V 

AB=1.5-1 

.n 

.X 

.17 

. A 

1= 0.4 

0.414 - t 


6=1.5-t 

.3 


.3 

1=3.33 A 

. A 


6=0 

. X 

.29 F=2.5-1 

.3 


6! =-7.9- 10~ 5 Cos( loot) 

.3 

Il = 0.1 A I 2 =0.02 A (1) 

.X 

.18 

1.5810-® 

e 2"(t+l) 2 

. A 

I,=0.06 A I 2 =0.06 a (2) 
Ij =0.02 A 1 2 =0.1 A (3) 
F=4.8-10“ 3 N 



e, =-6.84-10~ 5 Cos(100t) 

.3 

.2 


_ 1.3710-e 


R=0.48-(1+t) 

.X 

.19 

2 " (t+1) 2 


0=0.2-(1+t)* 

.3 


e^-K,!, 2 (1) 

. X 

,3 ° 6=0.4- (1+t) 

. A 


l 2 k 2 


1=0.83 A 

A -3 xin »3t»nn tsn e=2. 



6,=-^ (2) 


.3 

51 V 

.20 

63s-L 2 B 0 wCos(wt) (3) 


6=0 

.X 

.21 

K, 2 L 3 t 

— (1) 

.1 

(B -b A -a) 3A3pn 333 noab otiti 

.3 




(B -b A -a) inpn 320 noab tmn 

. A 


k 2 2 l 3 


e=l.26-10 -4 V 

.X 

.22 

< 2 > 


€=-l.26-IQ -6 V 

.3 


p _B n 2 S±n(2wt)L 3 w ^ 

15 2R 


Q^e.3 10" 8 C 
Q 2 =6.3-10-® C 

. A 


e, =-2K 1 L vt - L 2 -K 

1 

1=0.42 A 

.X 

.23 


F=0.42 N 

.3 


K.-L 2 

6,= 


I 6 = 2.5-10' 4 -cos(407rt) 

.24 

2 t 


iicr 

0 


6 3 =B 0 L- (LwCos(wt)-V' Sln(wt)) 

v=490 m/sec 

.X 

.25 

i -b B -a Q=7.910- 8 C 

.X 

.31 0=0.2(h 0 -245t) 

.3 


i -b B -a Q=-3.9510" 8 C 

.2 

6=49 V 

. A 
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tnn nna - 14 pnp 

14.1 


natron® rrroin n.K.a nan* >oaan moa aia’ow ia»Kn o-npn pnaa 
oai v?-na hk oa inrn a?a naon nnnn . n»i?*T>Kioia»o mia inrn iwna 
nnnn Kin i>aib»nn rain ,i> 3 i!”n rain n’Knip nrn rainb .11110 hk 
.'zamn ran nnnn ni>iyn nianK ana o’wnnwn law 
jiiwnnn ,o*irn oa iaan ,rainn nnanya w>w ’fann »ia>wn ninpya 
i>y .*ro* nnn >i>Ayna niwmnn ia’kw niyain i»aii>’n nnn >bayna 
nr bayna a»an io anann lao rana .nr pnaa nana nbK niyain 
.o’Aiwn o>a»ann ba nnai o>aanin n’^ayn *i»dji ,-rnaaa 

1 nn nnn ~nnpa 14.2 

’oaan rrra ik ,>®aan rmia aainonn i>»^o Kin nrmn mpn ok i>a 


, monaaa nwya niK’acnaw ina nyiap o»S>>bo nanyna aainonn 



(14.2 ni’x) 
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U = U max ■ Sin(wt) (14.1) :Kin »yAan nnnb »oanan MO'im 

.nnnb *io»ab awpa nnvn »m» 

pa Kin Cos -n n*xpiiab Sin -n n»*pii3 i»a baarm .mow .1 
mwa Kb iab .mxpuan mm baan i»k .rrr»ann nb»rma axna 

.nnnn aiK’nb anai nvxpAian »m>n nt»K 

bapnn *io*an oioik .n*iitb mana miwp Kb Sin -n mxpua .2 
rminomo miitb »io»an n»n wt -i »OAAn rrrwa naAon aia»on 
niynion i»k i»aib*n rmn by o»aaan iaoak awo baK , intn -jwna 
.intn bw n’xpAiaa niJJwnnn aiK»na pa KbK "n>m"D *io»ab 

.*ij»oti mma m mxniH n»n»iitn nia»ann 

w = 2nf = ^ 

rnaixa lmon i»aib»n nwo aipu 



(14.3 ai*x) 

.>b»bw axi *avn ax )»aib»n raw aipnb laino i*k 

nna inu 50 H z nia>ani 200 V bs »bn»oan nna bva mss aipn ; mm 

?intn bw n’xpjiaa nnnb »io>an inn .bAynb 

w = 2nf = 2n 50 => lOOn : liana 

U = U max Sln(wt) = 200- Sin( lOOrrt) 





by Kxnj rmrm nipn bw nrnn ba/raswa T»n»n i*ym Kin taaiw i man 
.(n»n»iD nnAann nnnn npnb i»kw nnAna) .TAan 

U U max 

i R » — - —p—Sin(wt) :n»n» ,pb ,tJin by tmn 

^max 

I max = —r— :’bn»oann tntn rot , pb ,->>aAnb o»bia» iahak 

I R = I m ax'Sin(wt) :Kin *TAan by mtb »io>ani 

.(Sin) n’xpaian rmiK mtya o’TKinn -tAan by tmn oai nnnn oa 
.>bn>oan tntn oa »bn»oan nAAn by nnnn *iwo 
.oaK xin mtn oa osk nAAn by nnnn iwo 
bt» on»an ."TAAn by o*itb nnnn pa "yam man" pKt> o»naiK ianAK 
.mta oa i nnaa oa ptn miKa y’ain ,bwab ,oin>oannit> Kin Atnan 
n*r»Ta *i’ton mtya n*ant ia mtn rot oai nnan ret da anna ok 
paib’nn rmn »a ’iioaK »nba nt niK’xna) >yan om nun o>Kinn 


. (»ia»wi rot rooa Kb iaki n>a«a oya 50 nbnnn b’Am 



( 14.6 ivs) 
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oitm nnan i»a yam tnan t»K *naa :oia»ob 

50 H z b« mn»*rm 250 V »bn»oan nnn bya i>aib>n nnn *npn rnnJVT 
?intn bw mxpjiaa *nja oitb >io>m inn .100 Q ba "mb nam 


Imax = V" = ID = 25 A w * 2nf = IOOtt 

I = I max •Sin(wt) = 2.5- Sin(lOOnt) 


: Vn?5. 


labi nnan npnb m*i*w’ *iainn uin n»n» Kb im> o»aa-nn o»bayna 
1»3W ibw mo’oan nnann baK , *npnn nnnb niie n»n» Kb vby nnan 
.*iKw*n yam «nan i»k i»by omn 1 ’ai vby nnan 


a ’aib’n nno b>Avon bapn 

.C bap i»aib»n nnn *npnb nam 
bapn mn *iw> nnn biynaw naya ii»Kn 
niinn *p imt n>ion inr "iraa iyoa 
1 11*a hk mwi dk ,baK .biyaa pm 
p»aon bapnw >ab *ny , intn ba nnan 
tbAyna pm n»n» Kb ,iyonb 

: vby lyoaa »ibn bapn by nnan 
nnnb nv>w bapn by nnnnv 111 on 
Q ■ CU c = CU max •Sin(wt) :nnan *npna 

< 4 ax = CU max : ’bn’oan ivon -i»-m 

Q = Q max Sln(wt) :iabl 

dO 

I c = ^ :o*nn mnn »a by .iyonn nvwb nnw bapn tvt o~itn 

: i yaab 'wan m tv-Jb ivbyi 

Ic = [QmaxSln(wt)] = C^ ax - ^[Sinfwt)] 

!c = Qmax' w '[Cos(wt)] 

n»noaun’*io mryaw iivan 
Cos(wt) = Sln[ ^ - wt] = Sin[wt + ^ ] m’o’oa 

!c = Qnax’ w "Sin[wt + |] 



U C = § 


14.4 


:bapj 
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T C = Qmax'W 

*C = Imax'S±n[wt + h 


: pp n»n» Papa >Pn»tjaPn mm 


^max “ Qnax w 


-1 u m 


:v pvan 


Papa >Pn»oann mmi »Pn»oann nnnn pa onm Kin —= »io>an 
' wC 


1 U m 


Kapj paipn nnn PAyna .nitAJim Knpi ntn onm nw» min pjyaa 


Xc = ~ (14.2) 


.ai’n - onm 
:pp Kin Xc -a pion> Pap Po aAmn 


yiapn onm Kin kpk mta ik nnaa >iPn ij>k .nnAinnn iaa , aAmn 

.oniKa ttoa aAmn . p»j’a 
nPi*TA hit™ Paa .nnnn aipn P« nnan nnnni ’iPn Papn aAm 
Paa pamPi .*ini> pp Papn aAm (iyonP p»aon kP Papn) *ini» 
mpnp ay ini' Pi-ta Papn aAm inv mop nnnn -npn m*i»ano 
.(pnj) »aioi»K Kin Papn aAm tKi (no» nnn) oaK Km nn’-rnnw 


Po PapP nain 50 H z nnnm »Pn»oan nna 200 V Po nnn npn tnnAVT 

?PAyna »Pn»oann mm inn .100 pF 


Papn aA»n nK nPmna Kxnj :inna 


Xc = Zr 


wC 2nfC 2 Tf 50 100 10- 


= 31.83 Q 


:mrP nnnn pa onm Kin aAmno pi’an 


Imax ' Xc = 31.83 = 6-28 A 


tmp nnnn pa >a ,(paA Pik) nyon aiom Kin voay u>oyo aiomn 
o’onnnn oj’k »Pn>oann mmi >Pn’oann nnnn .yam onan o> Papa 

. inm iniKa 

U C = U Cmax • Sin(wt) Papn Py nnnP ’io»an pa Pnann py Panoi 


!c = Icmax Sin[wt + \ ] 


Papn Py tmp ’io»aP 


.oaK Kin Papa mm ’Pn’oan Papn py nnnn noKa 
.»Pn>oan Kin Papa mm oaK Kin Papn py nnnn ioko 

.(90°) ^ Po yam nnan o> Pap Py mtP nnnn pa :Km mponni 
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.20 pF 5v nain U = 220-Sin(300t) rrna ftpa :rram 

?iatn !?i o rrxpj iod mrl> MO»an ina 

^max 

icmax 3 3^— * wC-u max :*^a»toan mm itk wrai : ynna 

I Cmax .= 300 20 10- 6 -220 x 1.32 A 

l c = 1.32-Sin[300t + | ] :n»n» o*)f^ »w>»am 



1 T oi^ > n nno bAvga >»on 14.5 

:l»ai^»n nna npab wnwi i>y ‘nmii 
:nid !?’i>on i?y umn roiat? *io»:in 

n . L « 

Ul " L dt 

U max ' Sin(wt) - L || = 0 nmmna yava 33*m 


(14.9 iva) 

U L = U Lmax Sln(wt) 
^Lmax 


I, = - 


wL 


Cos(wt) 


:rmxn ia Min !?’i>on >y nnab >io» 3 n dm 


:m»n^ o*ni> no’an *m 


:iwt noia .nna^ mm 7vnn oirn mt-AJiy ’*ra 


®L °Lmax <* U Lraax W Sin(wt) 

dt-wT“ • - 


dt 1 


wL 





:1K3B1 


L • H = U L * U Lmax Sin(wt) 

U L * U Lmilx Sin(wt) _ :xin b»^on !?v naan oxo maix axr 

I|_ = -I Lmax Cos(wt) ■ I Lmax -Sin[wt -5] :xm tntn >m 

[ -Cosa = -Sin(^ - a) = Sin(a - ^)] 

U|_max . v- 

I Lmax ' — :V^03 *^*0300 OICO PH X»M tm!? »10*30 1» 

:i»toy p»ort? o*bi3> iimx maion mipon »ao 
♦^a’tonn rman i»a oo*n Nine ,x L - bt> aA»rm iniiox-in nipoan 

:n*n» *ba»tnan cm!? 



.onixa TTaj !?»>on 'yv aA»nn da 
*nm b»boa .a.x .3 -no iivaa .naan *npa avvTaa »ii*n i*»^on aA*n 
1 *vta .a.x .3 -n am* 3nA »ii»wnw !?33i , A3 *vt >ojAan «ioon »u»«n 

.n^TA m-t»-rnn« boa bvr a aA*nn n»n» , nav 



laix-vono b*i*o!? nain U * 220Sin(100t) ia*mt> nna *npa -. noAVT 

?!?» 3 oa ontb *io*an ina .20 nH 


X L = wL = 100• 20• 10” 3 = 2 Q :t**bon 3A*n ax >d mip xaai : \ naa 
Umax 220 

I Lmax = — v — = ~^r = 110 A : 13!? n*n» ♦b’a’toan tmn 

Al " 

I L = 110•Sin(lOOt - |) 


:n»n» tap »io»an 
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> —i ~i \3 Ft CL bAya 14.6 

tmm rawn pa yam »tnan w»o n’ffnpn o»a»yon ntnbwa ij’ni 

:o>jiwn d'ioii 
. ya^nn mixa oimi nnnn - aAAa 

.(90°) | -a nnnn jin o»apn mt - bapa 

.(90°) ^ -a o*nn tin o>*Tpn nnn - b>boa 
(14.11 T»»a) »iio anx bAynb o>a>am mnbw nx nanj on 

r cl 

I-**¥-1|--1 


- 0 - 1 

Umax‘Sin(wt) 

(14.11 tvs) 

o»a»ain pa o*tnann .niiw o»a*a*m baa onm n»n> ,RCL bAyn Nnp’w 

.nnna pb vn» 

nn*UN»*T >mr .nmj«H nntva yainn >«nan by o’itnan ba jin -wm 
nvx) yam trian pN -TAja . pywn pva *taj naamonn o’*>n bw 
.(14.12 B *ii>s) nnnn jin o’tpn tmn bapa .(14.12 A 
.(14.12 C *n»x) tntn m trnpn nnn b’boai 


I I 



(14.12 C ava) (14.12 B nvx) (14.12 A nvx) 
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(14.13 nvs) 


:*p 12b ix-v *rn»2 o’nnan nwAbw 
InanAX>7na pbn aa >x onrn 

nwxo t n2b2 o>nna nanAx>n nxr 
o'xn uk .otn>n ax inu mm 
1»2 o’nnan ’wian ax nanAX’nna 
.’-na bAya2 o>Aiwn o’loan 


(180") n -2A "tAAa by naaa ax (90°) n /2 -2 o’np» b’bon by naan 

.b2pn by naan ax 

liywn iii»2 "taj xm 2i2*on iiudu 72a n>xn aax >a ax o»npn >a) 
(o’npan xm p«xn y»Aan xnn x»n\u mipA b3bi 

*TAA1 50 mH bw b»bo 200 pF bw b2pa 22-iAan >nm RCL bAya2 inavrf 
I = 0.1- Sin( 2 n- 50t) :MU’22 paA bAya2 nntn ,100 fl bw 

?o>2>3in ia tax bb by naab nv>»2n ina 


.a»2onna inx b2 anAAan ax pwxn 2bw2 xxua : t Anna 
:v o»y*n> AAnAX onfb >io»2n \nv iiA’ba 

w = 2-K-50 = 314 rad/sec 

X L = wL = 314- 50-10” 3 = 15.7 fl 

Xc = l/(wC) = 1/(314- 200-KT 6 ) = 15.9 £2 


^Rmax * 
^Lmax = 
^Cmax 


.o»naab o»»ba»tnan o»3nyn ax xxai »a© bbvn 
I max R = 0.1-100 = 10 V 
I m ax'X L = 0.1-15.7 =1.57 V 
Imax-Xc = 0.1-15.9 =1.59 V 


: 12b vn> o»naab o’»iv>»2n 


U R = 10- Sin(2jt' 50t) 

U L = 1.57- Sin[2n -50t ♦ | ] 

U c = 1. 59- Sin [ 2 i\ ■ 50t - | ] 
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* -v»o rcl i>Ayo naavn 14.6.1 


o»biD» »mon RCL 3ivna® o’aonn ntnbw Itv o*nnon nvi'zv 

«» o*nnon in ton ToTv 1110a , i>aN . 1>ip« nmT 7ann»n1? 

oonvi* nOlTa nmiN>7 *i’*xj .»niopii ma»n inr tTvo 1110 

.D’loin To 'tv nnnn 'tv o>ba*toan 

• U zmax “ a nnnn «< IXJOl 


^Lmax 


U Rmax 


(Ul_-U c )m«x 

A 

^Rmax 


^Cmax 


(14.14 A no) (14.14 B 7i»x) (14.14 C n»») 


ipn min Tv on >0 D Cmax mi U Lmax m naro i i»n oTn 
in nS>vn *3lo n>n* Nin on) .(U Lmax - U Cmax ) tm 7iopiil7 
,(14.14 B ni*x) (t7i7i nm» »na iaina »il>n nr non 'oTo 
:S>apn oomin o»7iopiin »jo m nanj »io a^tiai 
Uzmax 3 V^Rmax 2 * <U Lmax - U Cmax ) 2 

i»avn miNa o’Nsnin o»a>37 Tv on obia o’fwonw imon 
nTooa m nnnt? o”io»aa a>si ,nno obia Tv mrm ,»nio 
.onrn jin omxj 1 naayn in nnunna onrn 
Imax'Z = Vdmax’R ) 2 * [(U'\! ' dmax'Xc )] 2 
Z = JR 2 * (X L - Xc ) 2 

-1 ( 14 . 2 ) niNnoua x L -1 Xc -T iii>a»pw o»37»n m a*s> 

:3apii (14.3) 

Z = J n 2 + [ wL - ^ ] 2 (14.4) 


jiN7pi ir nnijjin . »mo RCL i»iyna nbipon jii7UJWffi »mr 

.naay 
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nn*im »bn»oan nnn 220 V bo i»aib»n nnn bAvna :nnAvr 
20 pF bo bapl 100 fl bo TAJ ,40 mH bo b’bo O’ 50 H z bo 
?bAyna >bn>oann mm inn .nnnn mpnb non obia omainnn 

: oniK pin »"y nnnb nopnn mm : \ nm 

u zmax 

^ max = z 

.14.4 nooiia z -b »io’an nK Kianb pn ii’bv 
w = 2*f = 2- it- 50 = 314 rad/sec :w JiK nb’nn Kxm 

Z - J 100 2 ♦ [314-40-10- 3 - 3 14. 20 ]» ■ 177.52 Q 

W = itT52 55 1 24 A tmm 

(nuai ban) !nyon moil H»n imnan nt nbrom nao nnoiin 
nr i>k baK onn nnn bo o”bn’oan o»any nopnn aiom inr 
!yAn iniKa nmp nbnn o”ba’oann o’anvno nniK 
nnwi i»a vain man imw nniK nr i*k .ninnK o’bma , ik 

.I max »bn»oann mmi u max ’bn’oann 

b Avnn b?VA yainn n* i a c 14.6.2 


baa onmo in»an ban ,o»rmnn wtiakh m< b um n»*xi 
:niaay nnnAK’ib nniK *rianb o»bia’ uniN ,nno o’aonn 




(14.15 A nvx) (14.15 B ni’X) 

byo iivan nAin iivaa Kin bivnn bo ’bban onm in*a 

.nnnni onm i»a yam onan i»k tAin 
.Z nbipon naayni nAin i’a 0 nmrn by banoi 
labi ,’bban onmi »bban nnnn i»a yam n»nr oaya mir 
bo yainn n’lir mnpi K»m ,bAyna niKn naion n»nr mir 

. bAynn 



:w o»xn Unix 14.15 B *n»xn in 


Cos <t> = | (14.5) 


x L - Xc 


tg 0 = R 

(14.6) 


rmom «nn>wa inn* w> ,im> jmioa mxn x»nw nnai* 
'pv ia»on *3Ab n»xaiiaj»xn nx nbna x*nw iivaa ,14.6 
• -tg(-0) = tg(0) nxr naivb Cos(-0) = Cos(0) :n*iirn 
miirn -wxai ,mrn nx onpa nnan n»ai»n x»n n*nrn *iwxo 

.nnan tin o»7pa tmn nn*i>w 
:xm >y?an nnab nntmn ox 

U 2 = U zmax Sin(wt) (14.7) 

:tmb »io*an n»n» yainn n»m b>A2 rx 
I = I max 'Sin(wt - 0) (14.8) 

,o*nn nx onp* nnan n»ai»n nmrfWOw *p xin 0 ia*on 
!o*jx»*na x»n rmoua ny»amn 0 nmrnw mari? aiwn 


?na*npn naAiTiw 'pxvtxi ’piym 'pv yaian n»nr »na : naai*r 

:i»n o»Jimn : 1 nna 


R = 100 Q L = 40 mH C = 20 pF w * 314 rad/sec 


, ^ wL " wC 314 40 10 3 " 314 20 10- 6 - Af - 

tg0 = r-100- 146 

0 = -55°42 = -0.97 rad 


ai*nn ia ana anpn 'pv ni’nnw , vmxa ,x»n (-) -n niyawa 
onpa ^jyaa »’>'po n onrn pi*i (nnnna *nn nr) 'p^'p on 'p'o 
:n»n» oari* naan »io*an .naan nnan nx 
I = 1.24Sin(314 t + 0.97) 
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1 > j. va-to > vj~io n ~» o»nr«3 14.6.3 
»T)v» RCL n»a.’Dn 


yamn n>nt nxi z bAynn bw n’bban naayn nx una*nw ’mx 
.bAynn in o>pbn by bano»nb o»bia» lAnjx <t> bAynn b v 
:»mo RCL bAyn by ( 14.16 nvx) banoi 
xin AE nitipm i>a nnnn 
inoj .nnnn npn im» nnnn 



U = U, 


Sin(wt) -2 mix 


U 2max awm» bAvnn »bn»tonn tnrn 

Imax = ~~z . i« v 

o>a’amn tnx ba by nnnn biyna »bban tnrn nx iAaw*nw mxb 


^nax 


^Cmax 

_ U ABmax 

= ^max'^C 

wC 

:oiwd n»n» 

U Rmax 

= U BDmax 

= ^-max 



^Lmax 

= U DEmax 

~ Imax *“L 

* Imax -wL 




?D 

-i A nnipm 

1»a nnnn n>n» nn 


.D -i A i»a nbipwn maAjnna oatn nx b’aaj 

^ADmax = ^max'^AD = 4ax'i^ * 

.-nnnn n»n» E -i B i»a n*mn nmxai 

U BEmax * ^max"^BE = ^a x'V RZ + X L 2 

?o»iiwn o»nnnn i»a yamn ’tnan nx nm 
nniAK*t nx .*inx yAna y»ain nnn bw *bn’oan nay ba 

:o»nnnn 

bapn by bipwn nnnn xin u AD 
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:mxnAvr naa by banoi 


. 1 »aib>n rmn n>pnb noa o»nainn bapi b»bo *taj : 'k nmn 
byi 20 V Kin bapn bv,20 V Kin tun by »bn»oacf» rmnn 

.40 11 *ujn nitJjnn .50 H z varan npn nivut .25 V b»bon 

?bAyna »bn»oann nnnn inn .k 
?» bban mrb »bban rmnn i»a yainn man inn .a 

?bapn by rmnni »bban rmnn i*a yainn man inn .% 

?B -i A nmpin i»a rmnn inn .t 

—^4—qnnnnr—2—w— 

- @ - 

(14.18 11’X) 


. D*nnnn oimn nn»w» kxhj npnn nnn rw .k : i ima 
U z = JU R 2 ♦ (U c - U L ) a = fW ♦ (20 - 25) z " « 20.61 Q 
i»by >bn»oann nnnnw a»ai bayna ni*nb bia»w ,narb aim 
nup nr . (ubw nmna b»bon ina) nnnn npn bt> nnnnn bvn 
a»an by nnnn iwoi .o’nnnn i»a yam man w»w iii*an 
nvnb *ir»K a*an by nnnn bia* »ai*n >bn»oan Kin o»ion 
baK .(on»Jw ik) b’bo ik bap -r»nn n»n» nrn aom .»b»bw 

!*TAjn Kb 

:bjyna mm iw Kxnj *nin by imm in .a 


t - Sb»*x x — = n 5 A 
Amax R 40 0 3 A 


:K»n o’aonnn *mK ba bw ai»rm iabi 


U 


*C = 


Cmax 


20 


= 40 Q 


■■max 
U L m.x 25 

X L = —- = — r = 50 11 


tg4 = 


W 0.5 
X L - Xc 10 


40 


= 0.25 


:Kin bjyna yainn man 


4 = 14*2 
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mpnn rain i>3 VDinn man .a 
bt) moon nm» bapn nnm 
mpnn ram va m*iim 
mm pai (14°2') mmi 
(90°) bapn by ramni 
.104° 2’ :iabl 

:xin B -i A imipin pi ramn .1 
U B A ■ WZflA = I».x (X L “ *c) = 0.5-(50 - 40) = 5 V 

20 mH iwnwii 50 Q ini*TAinn« »bx»*r>N xb b’bo : 'a nam 
ram mpnb omainn omit* 100 pF bw bapb noa aamn 

U = 200-Sin(lOOt) O’Dlbrn 
?bAvnn >bn>oann mm irm .k 

?o*nb »bban *iv>’an inn .a 

?b»bun by rainn inn . a 

?b’bt>n by mmi nnnn i»a vainn man inn .1 



(14.19 ni»a) 


.n»n»A3 nnAinn bya b’bo xin »bx’-t’x xb b’bo : inno 
mxnonn bbAa nn*uA® vaibm oip b’bon nnAJjmb aoua 
. it»io nnAAnnn bbAa nw» o*nb ni-mnn da b’bob w» . lira 



noa aainnn taa osya int 
n»roi rain m»tn bax ,b’bob 
.laina rava on’jw by *T’nn 
ri’n’JO miAAnn xbb b’bo) 
(nno b’bo xapi 


(14.20 tvs) 

npn by iimn in .bAynn bo naayn nx nb»nn aom 
w = 100 rad/sec :0 yn’ 

:1Dbi 


= J 50 2 + 


( 100-20 10“ 3 - 


100 100-10 


• in -6 ) 2 


110 Q 


- ■ m ■ 182 4 





tyaaan n»v>r nx xanaa mrb »bba ’loo xisab ’-n .a 


tg = —p—— = ~ = -1.96 0 = -63° = -1.1 rad 

I = 1.82-Sin(100t + 1.1) :(14.8) nmnaa wanoa 

U Lm ax = W z l :Nin b’bon by nnan .a 

cm nix-ionn by da nnan nx boa b’bon by nnan , TtaxD 

.nnaannn by 

Z L = V R 2 + X L 2 = V 50 2 + (100■20■10“ 3 ) 2 = 50.04 £2 

:n*n» an mmi b’bon by nnan i>i yamn man .*r 


x L 

tg0' = — = 0.04 
0' = 0.04 r ad 



O’nanna 100 pF ibo’po bapi ’bx’fx xb b»bo : ' a naa vr 
by nnan .50 H 2 bo nn»*rni 20 V bo i»9ib»n nna nipab man 
.22 V xm b’bon by nnan a 25 V xm bapn 
?bayan mm naany »na .x 
?mixnoni b’bon mnaann »na .2 
?b»bon by tmm nnan pa yaian onan ma .a 


.b’bon bo ’a’aa naa xm R naan noxo ,RCL baya mt :jjnnD 
mnba bnpn by pnan ia xianab *io9x bayaa mm nx 
Ocmax 

Imax = —= U Cmax -wC = 25-2 tt-50-100-ID" 6 = 0.785 A 


z 


z 

z 2 


:bayan bo n’bbon naayn nx xiaab iab boaa 


u Zmax 


20 


Imax 0.785 


= 25.46 £2 


:rmoiaa a ana z -o pama 

/R 2 ♦ (X L - Xc) 2 
' R 2 + (X L - Xc) 2 

,L -i R a’abyan ’aob naioxn nx-noa aaba»p 


25.46 2 = R 2 ♦ (314 L - 31.85) 2 

:ia*y b’bon by nnana xsaa n»ao rvoaoa 

U Lnlax = !max' Z L 




22 = 0.785 Z L Z L = 28.02 Q 

b’bono in»aa iniNum p*i xb »mt 
z L = /W 5 ♦ x L J y :n»n’ia nvnann bya xin 
28.02 2 = R 2 + (3HB.)* :x>n n»aon nxiioani 
L = 57.6 mH R = 21.4 Q :xin iimani 


tg4 


3l s ^ 

R R 


♦ - 40* 12' 


:n»n» b»bon by tmm nnan i»a vaian tnan 


0.845 



l »a , >!?»n o~> f i»yaa paon 14.7 


by mi'no nut u»xn .oin ia roiamo *nja i*9ib*n tnt om -two 
P ■ I 2 R trnoiaa )im n*n "ma paonn .io> tnt »baya 

paonn , iatn by ninro tntn bo twh tnt bavaao iivan 

I = I max 'Sln(wt) :n»n» »ynn onto ox .tarn ba nano* -raaa 

P * I max 2 ’Sin 2 (wt)-R :*raaa »ya*in paonn n*n» 

.*mx nwia bo yxian by bano*a *naa ysiaan paonn inn *r*Tynb *-n 

.7 -a n tna bo yxiaa iaoa 

P = I*R - I max 2 Sin 2 (wt)R 

__ _ x»n iarn -jona nirtoan *r»h»n btian 

P * I max *’R-Sln 2 wt : pbi Sln 2 {wt) -n n’Xpaia 

:n**ioaiaiA»*io mnta oanoa 

Cos(2a) * Cos 2 a - Sin 2 a * 1 - 2Sin 2 o 

Sin'a « - ~~fo s(2g ) » 0.5 - 0.5 Cos(2a) :ixaai 

: iabi oaxb yxiaaa mio Cos ix Bin n*spaia 
Sin 2 (wt) * 0.5 - 0.5-Cos(2wt) =0.5 

P - 1„. X *R0.5 


: ixaai ' 
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mu> (obia xino own maa ix) *pix aAjn® paorm tnx mrne iara 
. iarn ba oana n»n *ba»oaan earn ok naaxj rm»no moon n’xnab 
:nxan nbxwn nx iaxy nx bine* o»bia» unAx 
ia paono »*ra (14.23 B avx) aAjn imio o»arnb -pas aw» oar nr>x 
7(14.23 A ai»s) paib»n oar bAyaa ysiaan paonb mro n»n> 



R R 


(14.23 B avs) (14.23 A ai»s) 

:pin I 2 R :xw aw»n oarn bAyaa aAia paorm 

I 2 R = 0.5 I max 2 R 
I* = 0.5I max 2 
Imax 

1 = IT 

oar aAja oair paib’nn oar bAyna .paorm nj>naa ,>a>opax iaixa 

:»a>opax oar nr oarb o’xaip iabi nr 



yiap paon axi» n»n aAaa oan n»n ibo ao»n earn - »a»©pax oar 

,1»aib»rm oar bAyaa ysiaan paonb nnwi 

o»aANn *jo nx b>aai .»a»opax nna oa a*aAnb in»j (14.9) narva 
(bAyan ba bw »a*opax nna by o»aaaa ajoax »a !R -a xb) Z -a 


leffZ s ^max‘^2 



^max 

P =-^— ■ Jeff 2 * 1 :paonb nnmao nnoub aArnj 
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U.ff 

P = = I.ff l-R :•*»*» 

p 

Cos0 = 2 ,Z -) R i'i *iop iib Dim (14.5) nnoii 


p = I*ff•D.ff-Cos* 




P = I aff *R = I. ff U etf Cos4 (14.11) 


:oiD»obi 


. paonn mi a >npi .paonn baiA m yaipn ,Cos4 

1>a iiiisaa ainab iibia»o aw* nnn bAynb aiA»iao .aiatb aion 

u 2 

atiaK »k .it naiaa aim l aff 2 R P"> 1 ’aib»n nnn bAyna ,UI ,1 2 R 

n 

•on*i»a yainn man K»n na»oni i 8ff -a U eft jik niooaa b»aanb 

I aff bo iiii»aa Kanin U eff bw pbnn 
pbi (14.24 avs) U eff Cos0 pa Kin 
.14.11 rmona onnoi 



(14.24 ava) 

bivnn tik axnnn baiAn vaib»n n*n bAyn o’aKnn atno ovnvn >»na 

J»a»opaKn baiAn Kin 
: »a»opaK nnn 220 V b® Kin nnnn bKama bnwnn nma 

:ani» biaA »bn»oann nnnn 

Umax = Ueff /2 = 220/5 = 311 V 

,1»aib»n oatb aonobii ,i>aib»n oatb aonaanK .na’ann ’a>ran da 

.o»’3’opaK o’aay a»nn o’aain 


bapn .yainn iaiKa bAynnn pai® paon i»k ,*TAin nmyb b’boai bapa 
»"y bapn .*r>n nniK o»a’tnm bAynn in n’AiiK on’i® o>npib b»boni 
. iniopm *DiAnn rrrwn nbaAn *"y b»boni inp’aai bapn nnyo»n 
oatn i»a 90° b® yaia man ®* b’bon by oAi bapn by daw iivan 
yapi bAyn b® paon pbi ,oaK Kin onb® yainnn paonn ,on»by nnnm 

.aAin >"y p*i 
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bo txi *noa omainn 220 V bo »a»opax i»aib>n rmn npnb rnmrr 
.50 H z nnan *npn mvm .50 pF bo bapi 200 Q 

?bAyna paorm inn .x 
?paorm mu inn .a 
?oin»oanb paorm nx naob ♦*n bAynb ouanb o» b’bo nt»x .a 


.bAyna naayn nx nb»nn xsna : i ima 


^ = wC = 2n - 50- 50-10~ e * 63,66 Q 


Z = /R 2 ♦ Xc 2 = JiOO* * 63.66* = 209.9 Q 

U ef , 220 


ieff ‘ Z 209.9 
P = I eff 2 R = 219.7 W 


- 1.05 A 


:xin bAyna »a*opaxn tmm 
:xin bAyna paonn .k 


« a R 200 A rur-i 
0080 = Z = 20979 " 0,953 


:xin paorm mi A 


.bapn bo aA»rm in nanna biTA TAan *a 1 -b anp paorm mi a 
mio ni»nb na»*ix » n>mnl -b paorm mu nx -panb »t> 
X L - ^ 


tg$ = 

si 

x u - Xc 

X L = 63.66 Q 

r 63-66 

w " 2n-50 


:moun in .0 -b 

moxa mp» natno o*xn unax 

: iabi 


= 0.2 H 


.1 -b paorm mu nx iian» 0.2 H bo b»bo 
bAynno paorm m»nan x»ob yunb bAynb nniA b»bon noaan 
.rnirm xnpan nanyna *mi»n aan xin nr asn .ins 


manm 14.8 


it x»n .i»aib»rm mt bAyna aion mu x»n rman npn nn’*m 
nx oa iabi ,wL b»bon bo aA»rm nxi ^ bapn bo 3A»nn nx nyaipo 
Z = Z(w) .bAynn bo mbban naayn 

nirin nunonn bAyna »bn’oann mm oa yaoin Z by nyaonn niapya 

.nnnn npn 


Umax 

Z(w) > Imax 


■ Imax(w) (« ™ o»aonoa yiap nxoa u max ) 



bm bAvaa »ba»0aan o-irn n»n» ,*tm» mop bA»an bo naavnobaa 
Z * Jr* + (X L - x c ) i :naayb »io»aa aio banoi .am* 

X L * Xg nwo Kin naoyb uivi iopn fiyn 

.R -b nil* naayn mi 

.miiw axa omaip nr axab . ’bn’oaan *pyn nx i max bapa nr axaa 

baa oarno *pn vail l max iiwnn :oia»oaa »i« ixa «» Ibabannb xb) 
l*iy da .*ba»oaa *ray ib o»i iarn ba mnoa i»aib>n oar biya 
mrinn aaaa .nnan aipa mi'm nx moi oy nunonb bia» nr »ba»oaa 

(oia>oaab y»Aa nr lay 


bo *nm nx a»*xb o*bia» Unix w bo mspua xin l max -o iii*an 

:w bo n*xpnaa I max 

• <— Xc -1 0 <— X L : rx 0 <— w : oa 
ix 

- <— Z *iioi»xb naxio naxy naayn iabi 
0 <— l max rx » <— z :oarni 
/ I 0 <— Xg -1 ■> <— X L : rx » <— w : oa 

/ I oarni *)ioixb naxio naaynn rx da 

_ 1 _.oaxb ’bn»oaan 


(14.25 ai»s) 

mvm .oia»oaab y’ia I max bo inyno ,innxo »aa ,nia>an na»*p 

•wq -a laioni n*nnn ma>an nxapi ir 


X L = Xc 


W ° L -^ 


. ir nia’an aoni 


w ° = /fe 


f ° = 


(14.12) 


oiu iao asan inr .0 ni»nb na»»n nairm bo axaa yaian n»nr 


x L - Xc 


tg4 = 0 
4 = 0 


:o iii’aa naxai .1 -b nno Cos0 paonn 
:o naaiA x L * Xc :o naaiyn 





314 


:o*xan o»aaan o’mp rmrm asaa ,oia»oP 

.»Pa*oaa *iny Papa l max .1 
Cos 0 = 1 <— 0 = 0 .2 

.’Pa’oaa -py Papa yjnaan poonn .3 
X L = Xc ; Z = R .4 

w o = jh * 5 

nnan nx awmi P»at RLC pjya Py Panoj rmnnn axa ina w’ianP »aa 
ma’ina -p anxi nainnn nia’ana npinan nia’ana Papm P’Pon py 

.nainnn 


moa o’aaina 100 pF Pw Papi 200 mH Pw P»Po ,15 Q Pw a»j :navva 
w 0 

w = ^ nia’ana Papm P’Pon py o’roian ona .200 V Pw nna aipaP 

?naxy w 0 mvmai 


w 0 


1 = _1_ 

VlC J200 10- 3 100 10~ b 


:w 0 nx np*nn awm : ) iana 
223.6 rad/sec 


w 


W 0 

= = 22.36 rad/sec 


:o»apana anx Paa z naayn ax awm 


*. - il=* • [200 ID-3 22.36 ] 2 '- «3 0 

.Papn Pw xm aiwnn aa’xn naiai nia’an iianaw PPia 
Z w0 = R = 15 Q :oiwd x»n nainna naayn 

lmax = V" = H = 045 A J max ( w 0 ) = W = 1466 A 

:o»nnam 

U L = lmax X L U L <w) = 0.45-200-10' 3 ■ 22.36 = 2.01 V 

U u (w 0 ) = 14.66-200-lO" 3 223.6 = 655.6 V 
U c = lmax ^ U c (w) = 0.45-(100-lO' 6 -22.36)' 1 = 201.25 V 

U c (w 0 ) = 14.66- (100-10- 6 223.6)- 1 = 655.6 V 
on toPman oaaya pa) . omw Papm P’Pon, py o»nnan ,rmnna 
nipa nnaa o> o’Piaj on (nr nx nr o’Poaa iaPi o’Jivaa o’aian 


.nnan 



mo * xrt 


m > 14.9 


bt> o*a*aya o*»abn bapm b*bon bv nt asaa -asaan rmana rrnnrm *rm 
. manma rm nano* ,bt>ab b*bon bw *pyn m nawa ok .bapm b»bon 
oa iaba r -b rm« K*n »a nantm Kb ,nKt naayb .marm axaa naayn 
)0 bapm b’bon by nnan ban ,nanw» Kb. o*atn bt» »ba»oaan -pyra 

.nam>» 

V =V'W Uc’ =Xc’-i ma x 

an) b’bon nna poo oma (Q) o»aoa bayaa ma»Kn o*aaa nK o»*a>aaa 
.rrrann b« asaa nnan mpa nnna (ntb nt o*aat> on >*an bapn nna 

:onn -titk aona 

Q * Ml . „ IwqL . wqL 

ir 2 u z u z r 

»aw *ao’a oa bapaa U c *aab Q m awaa aK w 0 bw ramana vanva ok 

:iaba Q -b 





.■am* *as *pan ana* ba*ra ma*Kn ornat) baa 
.14.13 moaab y*aa at maanaw n»aaa 





p - ■ ^51® 


:Kan paonb »ao*an 
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xb »ba»oaan rtnam *ba»oaan paorma o»»i« »a i©p jraonrw in»aa 
• Z ■ R rmnna .rmnna *wxa o»>3« »a ^nj maaa no>an .mnwn 


R 2 ♦ [wL - ^ ] 2 = 2R Z 


wL ' " R 


: 13b3 

: ijoai 


w a L - ^ = wgL - ^ nabi R -b mi* no*an wq -a oil w A -a o» 


(«b - w a )L * 


«b “ »a 

W A W B C 


:*imwa mon nwyii o*oik “t»avi 


w a wb * j-C 
1 


w B C 


■ w a l 


:w B - w A m oatKO 


R = W0 ’ L " ^ m *b l " w a l 


rmiwan rmtma a»j« 


w b - »a ■ r 


q = Sat 
w R 




»»»npo RCL »avn 14.1D 


o’naina *iijm bapn,b»bom*n onao o»biy*j by ijwt vway ty 
1 »a yam »tnan vm ,nn»i* n»n obia itt mm .nrb nr *noa 

.o*33tm o»nnan 

o»a»am ia« b»ya by vtoy bone* 
:(14.27 *n»a) nrb nr o»b>apa 
on »a rmr o»a»a*>n ba by nnan 
n>n onrno vo .b»apaa o*aaina 
nnan n»n» »*non bayaa tnn*n imp; 

.»b»apan bjyaa 


(14.27 A *n»s) 



1—qrowr—' 



NIC 


317 



(14.27 B 'll**) 


V 

(14.27 C 11 »s) 


I 2 = ,/Ir 2 * (I c ' I L ) 2 


nmi mr i »2 yam unan vk 2*32 


90° -2 nnnn nx o»*Tpn o-nn b2p2 


90° -2 o*>tn jin o»7pn nnnn b>btn 


:n»nn o»mtn bw nn-nx>*rn inbi 
b*bon 2 b o*wb 2 iwn) 

(! i abnnn b 2 pm 


?bipwn mm n»n» nm 



n 


L Xc X L J 


i rr px i_ i 21 

Z " V R 2 *L Xc * X L J 


(14.14) 


: b2pj i u jin oxnxj 


. »b> 2 pan bay 02 nbipwn n 22 yb nnoun »nm 
?bayan bw yamn n»nn 




(14.28 -ivx) 

.nnnn nixax nnxb ^ bw nanAN’tb rrnv o>mrn nmax’f 

H 
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(Cos0 s 1 iabi .bjyaa mmijnnnn mop nbipwn nnjjrmn ,b>apaa) 
: mion biyaa laa mi x L = Xq ~iwo rrnnn w» >b>apan biyaa oa 

x L * Xc 


R = Z 
0 = 0 

iabi inmwaNn im'i nbi*nn nbipian naayn mif »non bayab *m»ja baa 
»ojk" bv axa nt asab o»np o»n»yb . mi>a iopn »bat>>aan mm inr 

."niinn 

.b’apaai noa mam bw o’abiwa D>nxa w» om»yb 
:nr biya ram .bapb b’apaa n»a’J3 imann bya b»bo bw na>n .naiiab 



(14.29 A ii’S) 


?o’a*im »jw i»a yaian nan inai 


.nnan int if mpaa .mna oin» mipib on*a djiik *i>>xb ii’by ia owb 



?U i»ab I L i»a yaian man ina 
:v o’y*n» unm rnion biyana 

X L 

t ** 1 = r l 

mm nx ompa b»boa nnan 
.0! -a b’boa 
nvnb -pis omm nvsa oki 
:m ,xpii*T nnan 


(14.29 C *il»x) 
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iabi .nnnn jin o»*rpn mm 


I C* 


(14.29 D 



.90* b» yam man w» bapa 
: id'?'! nnnn jin o»*rpn mm 



?»b^an mm inn 
.I c -i I L bw bipwn Nin *>ban mm 

I = /(Il-Cos *,) 2 * (I c - IL-Sln ^,) 2 

l c - I L S±n0 1 


tg0 = 


I L •COS0, 


» xa wn 14.11 


. 1’3ii>*n nnn l»w ny-iwnn main in rwbyn imonw "vton Nin »Niwn 
»ii»w apy ^»boa unm mtnn .n.N.a inpyn t?y ooann >njoti 

. ia mm 

ny*An law (n,) »3iwnn i?*l7on - ariNn .o’b’bo »it<n aann ’njoti 
nnn *isu iai (n 2 ) »jw»nn b*^on - »it>ni e, nynwna i»Di^»n nnn 
bma na»l»a on»j»a omainn o»i»»!?on »iw e 2 nynwna i>aii”n 
’Him l 7 ,, 7D ’jpn V^p .naniwn 



(14.30 tvs) 
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*101071 13b! ( in*bN OA3»A NbO 013*00) It n3’b3 N1b3 *DAAnn 0300 

.»AO*nn b’bob ibi3 oaym *Jioxon b»boa oxiao »oAAnn 
0, = 0 2 :ni!i0 o*b*bon nooi btoa na»b nmx »nito iii»30 

B|S - B 2 S 
P0 n l‘^lS = Po n 2'^2S 


n 1 *2 
n 2 *1 


:o>aifii on*b -pan nio’oon mMJ>a^ on* 


paonn ,»Ao*nni 'iiwnn b’bon i»3 n»A0Ax »oi3»N i»xo n»AA on 
e^I, = e 2 l 2 :niio ni*nb a**n 

€ i X 2 
e 2 I i 


£l = Qi 

(14.17) 

e 2 n 2 



:1N301 


?6 V -b 220 V -n nnnn nx 3*omn »xao3 o*a!a»bn on* mo :ooavt 
n OV) 

— 1L = —= 36.67 :o»nnnn on* Kin o*a!a*bn on* ,oioa : i nna 

n 2 6 - 1 - 

010*03 nnnno <i»3i> ,onx osn .o*nioi x*n da noonoo boonn man 
Nbo *33 (’a»opaN nno 100 V - 300 V) 3ni»na maA n*n* xb *n*a 
,ooaxn b33 iop n*n* n»A0Axn 3ia*xo *33 ,»ao 3*n .i3ioo n»n* 
b33 iop n»n* o*nab nnnn no*** oipoo o*3*bion o*b**n3 mmo t*3v 
10p 03to 3133 13b1 P = I Z R 10*33 11713 paOOOO X’71 n3*OD 303XH 

.O’aoan 3i3*x nina iyooo 
ootn mopm nyiap x*n u i nbaoon pbi yiap paon xm* noon oipoo 
jix b*3A*o *xao 3 boonn man noonoo iab .nnon nb3An noana mniA 
nbx o’lipi ootn iop* 73 »"yi) nnon no*** oipoo nx*x*3 nnon 

oio’on »jab nnnn nx i»op»o »xAoai ("mai nno *np" noxa o»xnp3 

.o*naa 


1 ■’NAP 2 *NJ0 



(14.31 31*3) 
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Kin npaoni 200 V b® »a>v>p3K nnn mx’n n’bnon no mnn :nnAV7 
nbym 777 a i 200 V b® nnna o’Aanxb 7 ioab paion nr nnn .1000 KW 
nnnn »np b® n’bban nnAjnnni o»»bK7*K on o>Ki®n .40 KV b® nnnb 

.2 fi K»n now 
?ni3An nnnn bAyna onrn inn .k 
? niaAn nnnn »np by nnnn ban inn .a 
?1imnn b’boa o»aia>bn >naon on> inn .A 
?mxi*nn n’A7JKni robirm »npa n»A73Kn na>K i»a on>n inn .7 

nK 7»aynb *na o>K3®a o»®nn®n i»n Kb ok nrn on>n n»n nn .n 

?n> AnAKn 

: i inna 

:yiap paonn (*bK»7»K Kin) »K3®a n> auk 7ia»K i»kw inon .k 
p = U-I 

1000-10 3 = 40 10 3 I 
I = 25 A 

U' = I R .a 

U' = 25 2 = 50 V 


200 _ 1 
40,000 " n 2 " 200 


:Kin n»A7AKn 7ia>K niaAn nnnn upa .7 


P, = I 2 R = 25 2 2 = 1250 W = 1.25 KW 


U 2 50 2 


Pl = r ! T = 1250 w 


: 1 »aib»nb ik 


Kb axnn n»n nr ok !"niaAn nnnn" Kb Kin nabinn *npa nnnn) 

(bba nnnn jik bapn ianxn n»n 


1.25 

1000 


= 1.25-10" 3 


:Kin m»A7Kn on» 


P = UI 

1000-10 3 = 200 I 
I = 510 3 A 
P, = I 2 R = 50 10 6 W 
Pi 

=r- = 50 


:n»n onrn o>KA®a o»®nn®n i*n Kb ok .n 


:Kin paonn iabi 


:Kin o»paonn on»i 
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pnan oad’o 


V = U m ax‘Sin(wt) 

I 3 Imax-Sin(wt - 4) 


Xc 


1 

wC 


:»on i>aib»n o*it bAyna nnnn *npn .1 
rxan i»aab»n tnt bAyna ontn .2 
.nnnb oar i»a yam nan i»x *rAan by .3 

(90*) ^ -a nnnn nx o’apn mtn bapn by .4 

(90*) | -a tmn nx o»apH nnnn b»bon by .5 

:xin bapn aA»n .6 


X L = wL :xm b»bon aA>n .7 


Z = 1 R 2 + (X L - 

Xc ) 2 

:>-vm bAvna nbipwn naayn 

.8 

1 / 1 r 1 

Z ‘ V R 2 * L X L 

- — ] 2 ' 

Xc J 

:»b»apn bAvna nbipwn naayn 

.9 

X L - Xc 




tg * = R 

Cos4 = ^ 

:>no bAyna bAynn bw yamn nnn 

.10 

1 1 

X L - Xc 




tg4 = x 

Cos4 = | 

:»b»apn bAyna bAynn bw yamn nnu 

.11 

R 


:D o’Ttaih bAyna o»»a*opaxn o»anvn 

.12 

*max 

^max 



3 -p- 

°.ff 3 77 - 



P = I ef f Z R = I. ff U eft Cos0 

zxm bAyna yjnnnn paonn 

.13 

N 

a? 

II 

a° 

i / i 

2n V LC 

:x»n rmnnn nwnn 

.14 

4 = 0 X L 

3 Xc 

R = Z :n*nnna o»n»»pnn id ihd 


Q = ^ „ A— 

H R RCw 0 


:xin mD»xn mu 

.15 

6 , n, ; 




e 2 *>2 


:»xawa rmo »on» 

.16 
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mbxy 
'« ran 

naina 50 H z by mrun ’ba’oaa nna 200 V by i»aib»n nna mpa .1 

.oaxb nny nnan oax iara .50 Q by mAb 
?iatn by n’spjiaa min by nnab »io»an ina .x 
?iatn n’xpiiaa mia omb »io*an ina .a 
?bAyaa ’a’opaxn nnan ina .a 

?bAyaa ’a’opaxn onrn ina .*t 

naina 50 H z by nin**mi ’ba’ooa nna 200 V by i»aib»n nna upa .2 

.03x3 nny nnan oax iota .100 pF by bapb 
?iarn by n’Spiiaa bipn by nnab ’io»nn ina .x 
?iarn by n’spiiaa bapa ontb »io»an ina .a 

?bAyaa ’a’opaxn nnan ina .A 

?bAyaa ’3’opaxn ontn ina .n 

naina 50 H z by nimnni ’ba’oaa nna 200 V by i»aib»n nna upa .3 

.oaxb nny nnan oax iota .100 mH by b’bob 
?iarn by n’Xpiiaa b’bon by nnab ’io»an ina .x 

?iatn by n’xpiiaa b’boa ontb ’io*an ina .a 

?bAyaa ’a’opaxn nnan ina .a 

?bAyaa »a»opaxn ontn ina .*r 

naina 50 H z by nn>mi ’ba’oaa nna 220 V by i»3ib*n nna mpa .4 

nny nnnn oax iata .100 Q by ma’ia niTAinni 200 mH by b’bob 

.oaxb 

?iatn by mspiiaa b’bon by nnab »io»an ina .x 

?iatn by mspiiaa b’boa ontb *io»an ina .a 

?n*nnnb bAyan nx N’a’O bapn ina . a 

naina 50 H z b« nimnni ’ba’oaa nna 220 V bo paib’n nna mpa .5 

iata .100 Q by n’B»39 nvtAinni 50 mH by b’boi 100 pF by bapb 

.oaxb mio nnan oax 

?bAyan by naayn »na .x 

?bAyan by yaian n»nt ’na .a 

?iam bo mspiiaa »bban rmab »io»an ina .a 

?)atn bo mspiiaa ontb ’io»an ina .n 

naina 60 H z bo nimnni ’a»opax nna 200 V by i*aib»n nna mpa .6 

.150 Q bo n»a*33 nvTAinni 100 nH bo b’boi 200 pF bo bapb 

?bAyaa >a’opaxn mm ina .x 
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U = 200-/2-Sin(300t) 


($) 


A 

ion 

B 


?b»bon by ’3>opaHn nnan Ana .a 
?bAyaa ontm nnan va yaAan man Ana .a 

?b>boa mtm nnan i»a yaAan man Ana .a 

.(14. 32) m>sao bAyan a mi 


lOOmH 


lOOpF 


?AD maApi’n 

1*a 

’3’opapn nnan 

Ana 

.P 

?BE nAaApAn 

1’A 

♦a’opapn nnan 

Ana 

.a 

bAyaa ontn 

ra 

yaAan man 

Ana 

. A 



? «AD 

1 ’ab 


bAyaa ontn 


yaAan man 

Ana 

.a 



7 U BE 

rab 


(p)-a AAba» 

po m»nb bAa» 

ax>a 

.n 


?nnan mpa nnaa maAn nna 


(14.32 m*x) 

hoi nain 50 H z nnnm »a»opap nna 220 V bw i>aAb’n nna mpa 
naAnw noaobAA .5 A man noanaap .10Q bo 3 aaa bap ,mno b»bob 

.100 V npnn bapb 
?bapn bAa»p Ana .p 

?b>bon mtnwn »na .a 

?bAyan bw yaAan n>AAt »na .a 

?>Ayaa paonn Ana .a 

nainw omoaobAA .bapA taa , nAno b’bo Anam i>aAb»n nna aApab 
.U c = 30 V ; U L = 40 V ; U R = 20 V : Apnn o>3>aab 


.7 


.8 


.9 


?nnan mpa nna Ana .p 

?mtnA »bban nnan i»a yaAan man Ana .a 

?b»bon by nnanA »bban rman i»a yaAan man Ana .a 

.200 pF b» ba pb moa aaAn MAS® maAinm 100 mH bw b’bo .10 
?50 H z bis ma’ana nbApm naayn ma .p 
?n’ba>i»a naayn n»nn nAa»an At»pa .a 
nm baa Aaaa oatnA b’bon nna A»a yaAan man n»n> na .a 

?nv Aa’anna 

AaaAn 50 H z bo nAa*anA »a»opap nna 200 V bo i’3Ab»n nna aApab .11 

.100 Q bo aAJ a 100 pF bo bap b’apaa 
?o»a’aana anp baa onrn Ana .p 

?bAyaa *bban onrn Ana .a 

?bAyan naay »na .a 

?bAyan bo yaAan n»AAt »na .a 
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bmpn 2 min 50 H z bp nn»un > 2 »opDK nnn 200 V bo nnn mpnb .12 
.75 £2 bo *taai 100 pF bo b 2 p ,50 nH bo nine b’bo 
? 2 ’on ba ITT tmn inn .k 

?bAyn 2 >bb 2 n mtn inn .2 

?bAynn nisy mn .a 

?bAynn bo yamn n»iit mn .1 

?odk nnnn n»n t=0 -a ok >bban mtbi >bban nnnb »io» 2 n inn .n 

bo ~ixx noi o’Tiinn »2»op3K nnn 120 V bo vaibm nnn mpnb .13 

.20 mH bo nno b’bol 10 pF bo b 2 p ,100 Q 
bAvn2 mmpaxn mm nm» nnnn mpn bo nivtn nt>K2 .k 

?>bn*tnn 

?nf ixm bAynn moy nmn nn .2 
?nm ’bn’rann mm bp -pyn nm> nn .a 

'2 nni 

o»22nn .0.5 A bo mtb mvi'n 20 fl bp miAinn nby 2 mop mu .14 
bp b 2 p 50 H z nnnni »2’opoK nnn 10 V bp nnn mpnb 2102 mbK 

.100 pF 
?n*no 2 mm inn .k 

?mun paon inn .2 

?bAyn2 paonn on A inn .a 

?»bn>ran paon nm> nmi2o >~n bAynb o>i2nb o> 2>n nrm .7 
b»bo2 .nn»Jt mn’ian innAinno 4 V bp no> nnn mpnb b»bo o>i 2 nn .15 
bp I’oibm nnn mpnb b»bon nK omann noto .0.5 A bp mt out 
.0.1 A bp om 12 mn 50 H z nmmm >2>opaK nnn 4 V 

?b’bon niKipn mn .k 

?bAyn 2 poonn inn .2 

?bAyn2 paonn miA inn .a 

?0.5 A bp mt ont> b’bo2P >to bAynb o»ianb P’ amn nt’K .7 

X 2 K 2 nib’y ’2 12 pnnpnb »td .2000 W/110 v dipt »bnon oipnip by .16 
,2’2T 1102 ib o>i 2 nn (50 H z bp nnmni 220 V bp »2’OpaK nnn) 
nnoi 72in’ 7am .oipnipb 72in»o taj bp iony nvnb im* nn .k 

? 12 ratam om 

j. ?oipnipb nain’o b 2 p bp iany ni»nb ims nn .2 

?5 Q bp n»n»ja nnAinn by2 b’bo bp iany mmb imx nn .a 
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aam 50 H 2 bo nn'im »a»opax nna 220 V bo i»aib»n nna aipn .17 


lOOmH 

i —nmpr 


lOOfl 


ion 

'rTwwT^ 


( 14.33 ai»s) 


.(14.33) avxao bAynb 
nmirem x>n 10 Q bo nvnannn 
.b>bon bo n»a*aan 
=Y= SO^F ?bAynn naay »na .x 

?bjyaa »a»opaxn oatn inn .a 

by *a>opaxn nnan inn .a 

?b»bon 


?oatm »bban nnan i»a yaian oaan inn .a 

?oatni b»bon by nnan i»a yaian oaan inn .n 

aam 50 H z bo ma>ani »a»opax nna 220 V bo i»aib»n nna npn .18 
bo n»n»ia niaAjnn x»n ni’iaAAnnnn nnx ba .( 14 . 34 ) avsao bAyab 

.b’bon 

?bAyan naay »na .x 

?bAyaa »a’opaxn tntn inn .a 

ba by »a>v>paxn nnan inn .a 

?o»b»bonn nnx 

nnan yaian oaan inn .a 
?tntni »bban 

nnan i»a yaian oaan inn .n 

( 14.34 ni’s) ?oarni b*bo ba by 

ruin 100 v bo >ioni 200 V bo anxn ,i»aib»n nnn niaipn »ao .19 
oaan ox bAyab ipao»o nnan n»n» na .bAyab aioa o»aaina ’a»opax 

:xin on»A»a yaian 



n 

3 


K 

2 


.a 


oax 


.x 


5 fl bo n»n»ia nmAinni »a»opax nnn 220 V bo i»aib»n nnn aipn .20 

.100 W/220 V n»by ainao naiib aainn 
?nnun maAAnn >na .x 

?naun npbia paon nt*xa .a 

?nnan aipn? raranan paonn inn .a 

?o*pann rmai .a.x.a -n i»a yam oaan o* oxn .a 

nmAinni 50 H z bo nia»an ,»a»opax nna 200 V bo i»aib»n nnn aipn .21 

.50 pF bo bapb aainn 10 fl bo n»n»ia 
?bAyaa »a»opaxn oarn inn .x 

?o*pann nna inn .a 



?bapa oami o»pmn nna i»a yaian waan ina .a 

?o’pann nnai .a.N.a -n 1 »a yaian waan ina .a 

mtijnm 50 H z bw ma»an »a»opaN nna 220 V bw va'ib’n nna aipa .22 

.(14.35) ai’saw bAyab aama 10 SI bw n»a»Aa 
7bAyaa »a’opaNn oam ina .n 

7»a’opaNn o’p-rnn nna ina .a 

1 »a yaian waan ina .a 

?o’pann nnai a.N.a -n 
' a-'n o»a’yob niaiwnn unw» ax»a .1 
b’bo bnpb aioa bAyab o’ada on 
(14.35 TVS) 7100 mH bw 

bw nna aipab noa o’aaina 100 Q bw aAii 20 pF bw bap , amo b»bo .23 
»a*opaNn nnab nnw b’bon by ’a’opaNn nnan .200 V bo ’a»op3N nna 

.300 V on’jwi bapn by 
?aAin by nnan ina .n 

?bAyaa »a»v>paNn oam ina .a 

?nnan aipa ni-vrn »na .a 

?bAyaa paonn ina .a 

nna 200 V bw nna aipab aioa main 50 pF bw bapi ’bN’T’N Nb b»bo .24 
.250 V Nin bapni b’bon bv »a»opaNn nnan .50 H z bw ma’am >a»opaN 

7bAyaa ’3’OpaNn mm namy *na .n 

7iniNawn »nai b’bon maAjnn »na .a 

?oami »bban nnan i»a yaian waan ina .a 

?oami b’bon by nnan i»a yaian waan ina .a 

aAA aioa main 50 H z nia’ani »a’opaN nna 220 V bw nna aipa bN .25 
.150 w Nin bAyaa paonn .100 V Nin aAin by nnan .b’boi 100 Q bw 

?bAyaa ’a’opaNn oam naxiy ma .n 

?b’bon bw niaAAnnn ’na .a 

?b’bon niNawn »na .a 

?b»boa »a»opaNn nnan ina .a 

?b»boa oami nnan i»a yaian waan ina .n 

7bAvan bw paonn oaiA ina .1 

71 -b paonn oaiA nN iianb in»a as»a . t 
50 bH bw b’bo aioa o»aaina »a»opaN nna 200 V bw nna aipa bN .26 

waan .0.6 Kin bAyna paonn oaiA .bapi 10Q bw n»a’ia maAAnni 
.75* Nin b’bon by oami b’bon by nnan i»a yaian 
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?Pa van naay »na .x 

?P’Pon naay »na .a 

?nnan aipa nn’in ’na .a 

?Papn ina .a 

Pv -txx 1102 ina’n 50 H z ma’am »a’opax nna 200 v Pv nna aipaP 
.140 V P’Pon Pyi 80 V n*n aAin py ’3’OpDxn nnan .P’Poi 50 Si 

?P’Pon mxavn »na .x 

?p’Pon maAAnn ’na .2 

?P»Pon Pv paonn ina .x 

?aAAn Pv paonn ina .2 

nna npaoan Pawn nvaP mama if mu .75 W/220 V oiva mu Pv 

.50 H z nnnna 220 V-a maA 
paonn mu mi Pap n»Px o’aana xPa aixa amn mumi »aa .x 

?Papn Pv iaay ina .0.5 mn 

10 Si Pv maua nnunn Pya P’Po Papn oipaa D’aana i*n oxa .a 
?P'Pon Pv iaay ni»nP "pax na ,NPa aixa a’xn mum ’aa 
?nr mpaa nnan aipa nnai mun nna i»a yaian vaan ina .x 
onuv .50 $1 Pv aAjP p»apaa aam 10 Si Pv nnjinni loo mH Pv P’Po 
.U = 200-Sin( loot) naixn ia nna aipaP o’aaina 
?P’Poa ’ 2 ’opaxn mtn ina .x 

?2Aja ’3’opaxn mtn ina .a 

?p’Poa iatn Pv n»xpjiD3 mtP >iv>»an ina .a 

?2A3a iatn Pv mxpAiaa oatP >io»an ina .a 

?*PPan ’ 2 ’opaxn oarn ina .n 

?PAynn Pv yaian n»nt >na .1 
.100 pF Pv PapP P»apaa aaina 50 Si Pv maAAnni 200 mH Pv P’Po 
.50 H z ma»ani ’ 2 ’opax nna 200 V Pv nna aipaP o’aaina onuv 

?P’Poa ’ 2 ’opaxn mtn ina .x 

?Papa ’3’opaxn oatn ina .a 

?»PPan ’ 2 ’opaxn oatn ina .a 

.PAyan Pv yaian n’lit ’na .a 

nna aipaP 150 Si Pv maua maAjnn Pya ’Px’arn xP P’Po o’aana 
,’U’vP lUD’in ma’am ,200 V Pv »a’opax nna pya 1 ’aiP’n 
Pap P’Pon Px o’aana .1 A Pv oat P’Poa oait 50 H z Pv nwana 
xin Papn Py oatn avx ay ,rman aipa ma»an nx ouvai aioa 
.150 H z x»n nt asaa nia’ann .2 A -P mivi ’Pa’oaa 


.27 


.28 


.29 


.30 


.31 
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.K 

.a 

. A 

' a nnn 

im .32 
. N 

.a 
. A 


iaA*nw mno a>aoa nainn 60 H z nn>tm 110 V aw paia’n nnn mpn .33 
. o”aw »a anA aaian ontn a»apna R taa a»aoa o’nann nwxa .20 fi 
?o”jw * a iop aaian mfn ,aap tajti Dipna a>aoa o’nann nwxa 

?TAAD mTAAJin ’Tin . N 

?anpn aia»p inn .a 

nnn aan >aaan ontm »aaan nnnn pa yamn wnan inn .a 

?o’np»nnn 

40 mH aw »aw a»aoa moa nainn 100 n aw nnAAnni 20 mH aw a»ao .34 
’a»opax nnn aya nnn mpna noa o’nainn n*»jwn 100 Q aw nitAinni 

.50 H z aw nnnna 200 V aw 
?n>a»aon ay o’nnnn pa yamn wnan inn .k 
main* on or o»a»aon ttt o’nnrn pa yamn wnan n»n» nn .a 

?nta nr a>apna 

loo pF aw aapi 50 a -i 50 mH aw mno xa a»ao ,ioo n aw -taa .35 

aya nnn mpna a»apna o’nainn nwiawn . nta nt nt a»apna o’nainn 

.200 V aw ’a’opax nnm 50 H z mrtn 
?aiyna onrn inn . x 

?aAynn aw naipwn naayn »nn .a 

?aAynn aw yainn n»iit ’nn .a 


?aAyna oAainw aapn inn 
?nt axna aapn ay nnnn inn 
?nr axna »aaon onrm »aaan nnnn pa yainn wnan inn 


.(14.36) m’*nw aAynn i 
?aapa onrn inn 
?aAyna »aaan onrn inn 
?naipwn naayn »nn 


(14.36 m’3) 


u=200Sin (300t) 
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jnbxtc? mavon 


Z=52.35 Q 

.X 

.10 

U*200-Sin(lQOnt) 

• K 

.1 

f 0 =35.6 H z 

.a 


1=4- Sln( lOOirt) 

.a 


01 =0.56 rad 

. A 


U eff =141.4 V 

. A 


0 2 = 0.42 rad 

.a 


I eff =2.828 A 

.a 


^•ff®®- 2 ® A I Reff = 2 A 

. X 

.11 

U=200Sln(100nt) 

• X 

.2 

I eff =6.59 A 

.a 


1=6.28' Sln(100jtt+0.5n) 

.a 


Z=30.33 Q 

. X 


U eff =141.4 V 

. A 


4=1.26 rad 

. a 


I eff =4.44 A 

.a 


I Reff =2 -® 7 A 

• X 

.12 

U=200-Sin(100nt) 

.X 

.3 

I Le f f = 12-74 A 



1=6.37-Sin( 100nt-0.5n) 

.a 


Iceff = ®- 2 ® A 



Ueff =141.4 V 

. A 


Izeff“®-" A 

.a 


Ieff=4.5 A 

.a 


Z=28. 63 Q 

. A 


U=220-Sin(lOOnt) 

.X 

.4 

0=-1.18 rad 

. *T 


1=1.86-Sin(100nt-0.56) 

.a 


U= 282.8- Sin( 100nt) 

.n 


C=50 pF 

. A 


1=9.9 Sin(1007tt-1.18) 

. ■> 


z= 101.3 a 

■ X 

.5 

f=355.9 H z 

. H 

.13 

0=-O.16 rad 

.3 


Z=100Q 

.3 


U= 220 • Sin (lOOirt) 

. A 


I e ff = l- 2 A 

. A 


1=2.17- Sln( 100irt*0.16) 

.a 


l eff =0.266 A 

. H 

.14 

I af f =1.32 A 

.X 

.6 

P=1.4 W 

.a 


U ef f L =204 V 

.a 


Cos4=0.53 

. A 


0=0.16 rad 

. A 


L=0.1 H 

.t 


0 * =0.24 rad 

.a 


L=0.12 H 

.H 

.15 

DADeff=5".9 V 

.X 

.7 

P=0.08 W 

.3 


UgEef f = ®3-23 V 

.a 


Cos0=O.2 

. A 


0-( =1.25 rad 

. A 


C=84.4 pF 

. *T 


0 2 =O. 5- n 

.a 


P=2000 W R=6.05 B 

.X 

.16 

C=159 pF 

.X 

.8 

L=15.6 mH . A C=304 pF 

.a 


L=0.2 H 

.a 


Z=114.4 a 

.K 

.17 

0=1.34 rad 

. A 


I 8f f=1.92 A 

.a 


P=250 W 

.a 

1 . 

U Lef f®63.3 V 

. A 


U Zeff =22.36 V 

• X 

.9 

4=0.28 rad 

. A 


0=0.464 rad 

.3 


0=1.26 rad 

.a 


0=0.643 rad 

. A 
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C 2 =28.77pF 


Z=16.67 a 

. H 

.26 

Z=63.14 Q 

.K 

.18 

Z L =38.6 Q 

.2 


I e ff = 3. 48 A 

. 2 


f=118.8 Hz 

. X 


Uieff= U4.7 V 

. X 


C, =47.ftiF 

.7 


U2eff=179.4 V 



L=0.217 H 

. H 

.27 

0=-O.33 rad 

.7 


R L =54.69 Q 

.2 


0 2 =O.245 rad 0!=1.26 rad 

.n 


P l =140 W 

. X 


U eff =300 V 

.X 

.19 

P r =128 W 

.7 


U eff =223.6 V 

.2 


C=2.85 pF 

.X 

.28 

U eff =100 V 

. X 


L=3.58 H 

.2 


U eff =291 V 

.7 


^>=1.04 rad 

. X 


P=97.97 W .2 R=484 fl 

.X 

.20 

I 2 =10 A 

. K 

.29 

P'=1.01W 

. X 


Ir=2.828 A 

.2 


V3AB W7Dn 1»X 

.7 



I L =14.14Sin[lOOt - ^ ] . A 

I R =4- Sln(lOOt) .7 

1=17.2 A .n 

^>=1.4 rad .1 

I U =2.49A .X .30 

I c =6.28 A .2 

1=5.11 A .A 

^P=1.18 rad .7 

C=2.68 pF -X -31 

U c = 791.8 V .3 

y? = 0 . X 

I c =10.29 A .x .32 

I = 12.05 A .a 

Z=16.6Q .X 

R=ll.55fl .X .33 

C 2 =186.9 pF Ci =54.3 pF .a 


Av?=0.0622 rad .K .34 

=0.0622 rad .a 

Z=48.66 Q . 2 1=4.11 A .k .35 

ip= 0.7 rad . A 


I eff =3.1 A .x .21 

U eff =197.6 V .2 

Q=0. 5- rr rad . X 

Q=0.156 rad . 7 

I off =1.73 A .X .22 

U eff =205 V .2 

0=0.04 rad . X 

U eff = 201.7V I eff =1.92 A .7 
0=0.025 rad 

U=200 V .K .23 

I eff =2A .2 
f=53 Hz .X 

P =400 W .7 

1=3.9 A .X .24 

R L =46.68 a L=0.138 H .2 

0=-O.436 rad •X 

<p= 0.75 rad .7 

R L =50 Q .2 1=1 A .K 25 

L=0.51 H .X 

U L =168.5 V .7 

<P= 1.27 rad .n 

CosP=0.68 .1 

c=19.9 pF .t 



